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PREFACE 


This book presents a brief description of the Helios mission, its 
experiments, and a summary of the results of each investigation up through the 
summer of 1979. A bibliography of the major papers published by each 
investigation team is included. This bibliography is most important, since 
the investigator results have been published in a diverse collection of 
journals and bcoks * 

At this point, the Helios solar probe missions are clearly a large 
success. The spacecraft and all the experiments have performed well for years 
beyond their design lifetimes. Both spacecraft were launched during a very 
quiet solar minimum. For the first 18 months, the investigators received data 
which allowed an excellent characterii:.ation of space in the inner solar system 
during quiet times. We are now well into the solar maximum phase, and the 
conditions in our inner solar system have markedly changed. Active pheraonena 
are often obser/ed at the rate of several per day, versus one a month in 1974. 

One cannot stress enough the importance of the fact that these missions 
allowed the observation of solar and galactic phenomena with the same 
experiments from solar minimum through solar maximum at a large variety of 
solar azimuths and elevations with respect to the Earth. Of particular 
interest are the data at and behind the west limb of the Sun. 

It's obvious that the managers, engineers, scientists and contractors did 
an excellent job on the spacecraft and experiments. It is also very obvious 
to the experimenters that the mission controllers and data processing 
personnel at the German Space Operation Center, the Jet Propulsion Laboratory 
and the Goddard Space Flight Center have performed in an outstanding fashlc 
for more than 5 years. We gratefully acknowledge their contributions and 
share in their success. 


James H. Trainor 
Project Scientist, NASA 
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A Short Review of the 
Overall Scientific Tasks and of 
Some General Principles of 

HELIOS 


Herbert Porsche 
Project Scientist, DFVLR 


The two Helios probes (Fig. 1), launched December 10, 1974, and January 
15, 1976, by Titan IIIE/Centaur DlT/Te-364/4 rockets, were built as a joint 
venture of the United States of America and the Federal Republi*: of Germany. 
The overall scientific task was the investigation of the innermost regions of 
interplanetary space. Thus, the two probes were the first, and hitherto only, 
space vehicles approaching the Sun as close as 0.31 AU and 0.29 AU, 
respectively. 

The payload of each of the two probes consists of the experiments 
decrlbed in the following chapters by the Investigators themselves. 

The payload can be divided into three groups of experiments representing 
three main research fields; 

(1) plasma experiments (Experiments 1 through 5) for the observation and 
investiga’^ion of the particles and fields of the solar-interplanetary plasma 
(protons, alpha particles, electrons, magnetic and electric fields and their 
fluctuations; 

(2) cosmic ray experiments (Experiments 6 through 8) for the study of 
characteristics of solar and galactic cosmic rays, including an X-ray monitor 
and (on Helios-2 only) a gamma-ray burst experiment; and 

(3) micrometeorite experiments (Experiments 9 and 10), to remotely 
investigate the interplanetary dust by an optical system, as well as in situ 
by a particle detector and analyzer. 

To supplement the on-board experiments, Helios is involved in some 
passive investigations, as well; 

(1) a celestial mechanics experiment for the study of relativistic 
effects (Experiment 11), and 
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(2) coronal sounding (Experiment 12) by investigating the Faraday 
rotation of the S-band signals of the two probes wherever one of them is in an 
orbital constellation near superior conjunction, and by analyzing time delay 
effects, including Doppler and DRVID. 

The two probes have highly eccentric heliocentric orbits (Fig. 2). The 
orbital period is 190d for HE-1 and 186d for HE-2. Due to the distance 
variation of a factor of 3, the orbital velocity varies also by a factor of 
3. This results in a very high a igular velocity of the probes in the 
perihelion regions. However, vliereas the relative angular velocity between 
the Sun's rotation and the Earth's revolution is about 2.4 x 10^^ sec*^, it is 
only half as large between the Sun and Helios in its perihelion regions. In 
other words, in the perihelion regions Helios is not only closer to the Sun by 
a factor of 3 compared to the Earth, but is also relatively slower, as seen 
from the Sun by a factor of 2. This Improves the ability to discriminate 
between temporal and spatial solar structures. However, this is only valid 
for the azimuthal motion of the two spacecraft; the axis of the Sun is 
inclined by about 7.5 degrees to the normal of the ecliptic. This causes a 
latitudinal motion of the spacecraft with respect to the Sun. The respective 
velocity of the Earth is nearly constant. By chance, the angle between solar- 
ecliptlcal mode and the line of apsides of HE-1 is only about 4^; tnerefore, 
the latitudinal velocity of HE-1 is very high in the perihelion phase (Fig. 

2). The maximum value is 0.9*^ per day. Within 17 days during the perihelion 
phase, the latitudinal change is 12^; therefore. Hellos is a sensitive tool 
for latitude-dependent solar phenomena, in spite of its ecliptic orbit. 

Both Hellos spacecraft were launched in the outgoing phases of Solar 
Cycle 20. The ruling state during the primary mission was that of sunspot 
minimum condition. From the end of 1976 on, the sunspot number has 
continuously increased. This increase is considerably steeper than the 
preceding Cycle 20; therefore, an extremely high solar maximum has been 
predicted for late 1979 through early 1981. 

Since both Hellos spaecraft are alive and In good condition, they offer 
the unique opportunity of investigating the state and the dynamics of solar 
interplanetary space over almost one full solar cycle. The cycle has turned 
out to be one of the most interesting observed since the end of the 18^” 
century# 
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Flg» 2 » Projections on the ecliptic plane for the first orbits of 
Hellos-l and -2. The orbits of Earth, Venus and Mercury are shown, 
as well as the solar latitude of the Spacecraft as a function of 
subsolar azimuth. 

Because of the very good ground station coverage, combined with the use 
of on-board memory (at very low bit rates), an almost continuous data stream 
can be achieved. This data set should be completed with similar comprehensive 
data of interplanetary phenomena during solar maximum in order to contribute 
to a better understanding of solar-terrestrial relationships. 

Many cooperative programs are planned involving Hellos for as long as at 
least one spacecraft performs. The Hellos experimenters are cooperating with 
the SCOSTEP (Scientific Committee on Solar Terrestrial Physics), especially 
during the so-called STIP intervals (Study of Traveling Interplanetary 
Phenomena). For the Solar Maximum Year, cooperative programs have already 
been negotiated with SMM (Solar Maximum Mission) providing the spacecraft 
remain in good shape and data recovery continues. 
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In addition to the research work done by the Hellos investigators 
themselves, the data obtained by Hellos are used world-wide as reference data 
in interplanetary research of missions such as ISEE and SMM. 


Bibliography : 

H. Porsche, ’'Die Helios-Sonde als Experlmententrager Raumfahrtforschung 
223, 1975. 

H. Porsche, "Overview of the Helios-1 and Hellos-2 Missions and their 

Participation in STIP Intervals I ard II," in M.A* Shea et ai . (eds) 
Study of Traveling Interplanetary Phenomena ^ 421, 1977. 

H. Porsche and J. Kehr, "Hellos-Voyager Cooperation for the Investigation of 
Interplanetary Space," Paper IAF-78-31, 29th Congress, International 
Federation, Dubrovnik, 1978. 
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THE PLASMA EXPERIMENT ON HELIOS (E 1) 


P.I.: Dr. Helmut Rosenbauer, Max-Planck-Instltut fiir Aeronomie (MPAE) * 

Katlenburg-Llndau, West Germany 

Co-I 's : Dr . Rainer Schwenn , MPAE 

Dr. Bernhard tieycr, Max-Planck-Instltut fiir Phystk und Astrophysik, 
Instltut fur Extraterrestrlsche Physik (MPE), Garchtng, W. Germany 

Dr. Hans Miggenrleder , now at Landesamt fur Umweltschutz , Munich, 
West Germany 

Dr. John Wolfe, Ames Research Center, Moffett Field, California, 

U.S.A. 


A. Short Description of the Instruments and their Primary Purpose 

The Plasma Experiment aboard the Hellos solar probes consists of four 
independent instruments designed to investigate the interplanetary plasma, the 
so-called solar wind; primarily, the velocity distribution functions of the 
different kinds of particles are measured. All Important hydrodynamic 
parameters of the solar wind plasma can then be derived. These measurements 
at varying distances from the Sun are suppying new data which will support and 
Improve our understanding of solar wind expansion. 

Three instruments analyze the positive components of the solar wind 
(protons and heavier ions with energy-per-charge values from 0.155 to 15.32 
kV). Two of them allow for an angular resolution in both directions of 
incidence. One instrument measures electrons in the energy range from 0.5 to 
1660 eV with a one-dimensional angular resolution. 

Since the launches in December 1974 and January 1976, respectively, all 
the instruments, which are partially novel developments, perform very well on 
both probes. There is no degradation of any detector yet; a partial 
malfunction in the electron instrument on Helios-2, starting after 18 months 
of operation, is of minor importance. We see an excellent chance for the 
instruments to work well through the upcoming solar activity maximum. 
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B. Highlights of the Results 

(1) Structures in the Solar Wind 

During the declining part of the past solar cycle, the solar wind 
stream structure was governed by two big high-speed stream systems which 
remained remarkably stable for many solar rotations in 1974 and 1975. They 
emerged from equatorial extensions of both polar coronal holes which were 
detected during the Skylab mission in 1973/74. During the first approach of 
Hellos-1 to 0.3 AU in early 1975, we found from direct comparison with data 
simultaneously measured from the IMP-7 and -8 Earth satellites that the 
leading edges of fast streams appear much steeper at 0.3 AU than at 1 AU. 

This is in contrast to current theoretical mDdels. In addition, we could 
prove that there are also very sharp latitudinal stream boundaries. 

Obviously, fast streams are separated from slow plasma on all sides by thin 
boundary layers at 0.3 AU. This suggests that there exist different 
acceleration processes for slow and fast stream plasma with no Intermediate 
stages close to the Sun. 

Nearly continuous data from the Helios-1 and -2 double mission, 
combined with similar data from Earth satellites and other space probes 
(Pioneers, Voyager 1 and 2), give us a unique opportunity for studying stream 
evolutions in interplanetary space. Thus, we could quantitatively show how 
stream fronts are deformed and deflected* We found significant deviations 
from purely radial flow. Based on a quantitative analysis, we could even 
predict in a few cases the arrival of stream fronts at the Earth and their 
associated geomagnetic disturbances with an accuracy of a few hours. 

A special collaboration between Helios and Voyager experimenters on 
some events in November 1977 revealed some new aspects which otherwise might 
have been overlooked* A small corotating fast stream originating in a coronal 
hole was observed as it moved, from 0.7 to 1.6 AU* The stream interface and 
the extraordinary shockwave in front of it corotated from 0.7 to 1*6 AU, 
persisting even though the stream itself had dissipated at 1.6 AU. 

(2) Radial Gradients of the Plasma Parameters 

Eight radial line-up constellations between Helios-l and -2 occurred 
in the years 1976 and 1977. From the short periods of "plasma line-ups," when 
the plasma seen from the inner probe also encounters the outer probe, radial 
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gradients of the plasma parameters could be obtained directly* We found 
significant differences In the average gradients between the slow and the fast 

solar wind: In the slow plasma (up to 400 kras~^), the flow speed v^ Increases 

— I —1 7 ^ ’ 

by (52ill) kms per AU and the proton temperature Tp decreases as r 

i.e* nearly adiabatlcally • In the fast plasma Vp remains nearly consi . il, ana 

Tp decreases as Further differences are found in the general 

shape of the distribution functions and their changes with radial distances, 

as well as in the properties of the i-parttcle component. 

This analysts Is now generally being confirmed by statistical 
methods using all the available data. The whole set of observations supports 
the hypothesis mentioned above that the solar wind might be a two-state 
phenomenon, with possibly two different acceleration mechanisms. 

(3) Three-dimensional Velocity Distribution Measurements of Solar 

Wind Protons 

The main instrument for positive ions, with Its resolution of energy 
and both angles of Incidence, allows the analysis of the full proton 
distribution function in an unprecedented way. We found that In high-speed 
streams there Is a pronounced temperature anisotropy characterized by a higher 
temperature perpendicular to the local magnetic field rather than parallel to 
it. This effect, which has been Interpreted as a signature of waves affecting 
the protons, is even more distinct close to the Sun. 

Often a bulge, or even a second hump, in the distribution can be 
detected* Its velocity relative to the main peak is always directed along the 
ma'^netlc field and seems to be closely related to the local Alfven speed. The 
occurrence of this bulge seems to be well-correlated with the excitation of 
lon*acou8tlc noise which Is d tec ted by the Hellos wave experiments* A plasma 
physical stability analysis was carried out showing that the observed type of 
distribution functions is, indeed, marginally unstable versus the ion acoustic 
wave mode* 

(4) Solar Wind a-partlcles 

The Helios instruments combine high resolution and sensitivity with 
low background noise* This makes it possible for the first time to measure 
the velocity distributions in three dimensions even for o-particles, although 
their content in the solar wind is only 4Z* There was a tendency found for 



9 


the i-partlcles to be faster than the protons In high-speed plasma* The speed 
difference Is always aligned with the magnetic field and has the value of the 
local Alfven speed which can reach values up to 300 km/s close to the Sun* It 
seems that the oi-partlcles move through the proton **fluid'* with the phase 
speed of the Alfven waves, similar to a surfer in front of ocean waves. 

( 5 ) I nterplanetar/ Shock Waves and Discontinuities 

Along with solar activity, the number of solar flares producing 
interplanetary shocks increased significantly after the broad activity minimum 
in the summer of 1976* Some of them are of particular Interest for the study 
of shock propagations and interactions, as well as the acceleration of 
particles along shocks, since they were observed from several spacecraft 
spread between 0*3 and 3 AU. We are participating in several Internat lonal 
study groups concentrating on some spectacular events in late 1977 and early 
1978. 


The new solar cycle is apparently starting off quite lively, 
providing us a series of flare and shock events for which a unique data 
coverage from several spacecraft is available* This might bring us towards a 
better understanding of flare phenomena and their interactions with the 
interplanetary medium. 

C. Outlook on Possible Results during Solar Maximum 

Since the delayed end of the old solar cycle in late 1976. the solar wind 
stream structure did change significantly. No longer are stable, broad, high- 
speed streams observed corotating In a stationary manner for more than one or 
two solar rotations, as they were In 1975/76. Now the structure Is apparently 
broken up and scattered in many minor irregular streams. It has always been 
an unsolved problem what the influence of solar activity on solar wind 
expansion might be* Up to now no correlation of average solar wind parameters 
with solar activity could be proven, although there Is the well-known 
modulation of cosmic ray intensities during the solar cycle which somehow have 
to be coupled to the solar wind* It may well be chat It is not the average 
solar wind, but the difference in stream structure and Interplanetary 
Interaction processes that connects solar activity with cosmic ray 
modulation* The Hellos mission could provide us a set of data covering the 
declining part of a solar cycle, the minimum, the onset of the new solar 
cycle, and possibly even its maximum* This data set 1$ unique not only 
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because of the Hellos orbits: One should note there are nearly no gaps In the 

data (In terms of one-hour averages) because of excellent ground station 
support which can be maintained mainly through the DSN 26 m stations and the 
Wellhelm 30 m station. In addition, due to the thorough use of the on-board 
memories, any station gap can be covered at lower bit rates* For the first 
time, continuous data during solar minimum and maximum can be obtUned aslng 
identical Instruments. Thus, the persistent problem of Intercal Ibra t Ing 
different Instruments of different experimenters can be avoided In this case. 

The upcoming solar maximum will be t topic of a big In ternar lonal 
cooperatl/e effort which unites scientists of a broad variety of disciplines 
during the **Solar Maximum Year** (SMY) from August 1979 to February 198U One 
out of three subprograms of SMY Is the Study of Traveling Interplanetary 
Phenomena (STIP), which was established In 1973. Several special periods for 
STIP were selected based upon unique opportunities generated by fortunate 
Interplane tary constellations of the Hellos probes and other spacecraft. The 
results look promising. This will Intensify the actl/ltle^ of STIP during 
SMY, and the scientific community Is looking forward to both Hell9s probes 
participating as long as possible. 
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CALCULATION OF THE DISTURBANCES 
OF THE U3W ENERGY ELECTRON MEASUREMENTS (El-Z) 


P.T.: Voigt 

Co-I'^s: U. Isensee and M. Maasaberg 

Angewandte Geophyslk, Angawandte Pliysik, Technische Hochschule 
Darmstadt, Darmstadt, West Germany. 


Introduction 

The measured spectra (El) of the low-energy solar wind electrons are 
disturbed ry potentials in the vicinity of the Helios spacecraft and partially 
superposed by photoelectrons. The measured energies of the solar wind 
electrons are shifted by the spacecraft potential which can be estimated from 
the spectra only in some special cases; therefore, theoretical models have 
been developed to describe the Interaction between the plasma and the Helios 
spacecraft . 

The measurements of the solar wind electrons with low energies are 
disturbed by the spacecraft. There are e'’ectrlc fields in the vicinity of the 
spacecraft and a potential difference between the instrument (U ) and the 
distant undisturbed solar wind plasma (Up * 0). Consequently, all solar wind 
electrons counted by the electron instrument have been accelerated by these 
fields and are observed with a shifted energy * ^p ^ 

Figure 1 gives an example of these observed spectra. In this case, the 

spacecraft potential is positive, so that no solar wind electrons have been 

counted with energies below e(U^). 

s 

Another problem arises from the emission of photoelectrons from the 
surface of the spacecraft. Some of these photoelecrons are directed into the 
Instrument and result in great count rates in the corresponding low-^energy 
channels. In Figure 1, photoelectrons are observed when the instrument is on 
the illuminated part of the Helios probe. 

The most important conditions for the interpretation of the measured 
spectra arc : 


13 



100 10 10 eV 100 100 10 10 eV ICO 


Ftg* ! • Orthogonal profiles of the electron distribution F(v)* 
The measured values of F(v) are plotted together vd.th a fitted 
Maxwellian, which is zero for energies below the spacecraft 
potential . 


(1) the knowledge of the spacecraft potential, U^, and 

(2) the capability to separate the energy region where photoelectrons 
are measured from the domain of the solar wind electrons. 

In some special cases, these items may be deduced from the data. In 
general, however, they are not known. Therefore, theoret al models had to be 
developed to describe the interactions between the plasma and the Helios 
spacecraft . 

Calculations of these effects must be based on the nonlinear Vlasov- 
Poisson-system of partial differential equations for collisionless plasmas. 
Steady-state solutions require the conditioi^ that the electric currents on the 
surface elements produced by the various plasma components are compensated. 
This compensation results in the floating potential for each surface element. 

Although it is not possible to obtain a self-consistent solution for the 
complex geometry and surface properties of the Helios spacecraft, the dominant 
features can be estimated by means of simplified models. 

Such a model can be treated with the numerical plasma simulation (Fig. 2) 
in order to obtain the potential in the vicinity of the probe (Fig. 3). 
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Fig. 2 > A "snapshot" from a computer simulation run. Each dot 
gives the position of a simulation particle representing 
approximately one million photoelectrons emitted from the fro-’*’. 
(left side) of the probe. The photoelectron density exceeds the 
solar wind density in the near surroundings of the spacecraft. 



Fig. 3 * Potential in the vicinity of the probe (perspectlvic 
representation). The dense photoelectron cloud (c.f. Fig. 2) and 
the wake behind the spacecraft produce potential barriers around 
the probe, where the potential is lower than the spacecraft 
potential. This effect is Important for the disturbance of the 
measurements. 
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This Illustration demonstrates potential barriers around the probe which are 
produced mainly by the photoelectron cloud. Near the perihelion of the Helios 
orbit, the effects of the potential barrier and the photoelectron cloud become 
dominant ; 

(1) The energy range of the measured photoelectrons is limited by the 
potential barrier instead of the spacecraft potential (Fig. 1). 

(2) P' ^toelectrons are observed even at the shadow side of the 
spacecraft. 

(3) The photoelectron current leaving the probe is determined by the 
barrier, even if the spacecraft potential is negative. 

The electric fields in the vicinity of the spacecraft lead to 
disturbances of the electron distribution to be measured. By means of the 
potential resulting from the model calculat^ns, the disturbances of a given 
distribution can be computed and compared with the measured spectra. The 
example in Fig. ^ shows that it is possible to reproduce the essential effects 
using theoretical models. Together with the Interpretation of the data these 
models lead to the understanding of the modifications of the plasma by the 
Helios spacecraft . 
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SCIENTIFIC RESULTS OBTAINED BY THE 
HELIOS TECHNICAL UNIVERSITY OF BRAUNSCHWEIG FLUX-GATE (E 2) 
AND SEARCH-COIL (E 4) MAGNETOMETER EXPERIMENTS 


P.I.: Dr. F.3. Neubauer 

Co-I's: Dr. G. Dehmel 

Dr. G. Muboiann 
Dr. A. Maler 
Dr. E. Lamraers 

Institute for Geophysics and Meteorology, Technical University at 
Braunschweig, West Germany 


A. Brief Description of TU Braunschweig Flux-gate Magnetometer Experiments 

(E2) on board Helios-l and -2, and their Scientific Objectives 

The flux-gate magnetometer experiments use triaxial, orthogonal flux-gate 
sensors of the Forster type mounted on a boom of about 2 ra from the 
spacecraft. The bandwidth is 4 Hz. Two measuring ranges are used with 
automatic range switching. The sensitivity range extends from -lOOnT to 
+100nT, with a digitization uncertainty of ±0.2nT for each individual 
component. The less sensitive ranges extend from -400nT to -lOOnT and +l00nT 
to +400nT, with a digitization uncertainty of ±0.8nT. The sampling rates 
extend from 8 vectors per second to 1 vector per minute. For sampling rates 
not greater than the spin frequency of 1 Hz, The transmitted values have been 
averaged by an averaging computer which is part of the experiment. The TU- 
Braunchwelg flux-gate magnetometers on board Helios-l and -2 are still working 
flawlessly at the present time. 

A special feature of the TU -Braunschweig flux-gate magnetometer 
experiments is the memory mode (also referred to as shock-mode), which allows 
the rapid read-in of data into a spacecraft memory with sampling rates of 4 or 
8 vectors per second. The time Intervals are selected by an event detector 
which is part of this experiment (an alternate event detector is part of 
Experiment 5b), which has been designed to detect rapid changes in magnetic 
field magnitude and has been optimized for the detection of interplanetary 
shocks (by using real interplanetary data in the design phase). The Helios 
memory mode has produced very Interesting results. 



18 


The scientific objectives of these instruments can be listed as follows: 

(1) study of macroscopic interplanetary magnetic field structure between 
0.3 and 1.0 AU also in connection with solar features; 

(2) investigation of MUD-waves in the solar wind, particularly of the 
role of Alfven waves as the Sun is approached; 

(3) study of discontinuities in the solar wind, their relation to 
raacrostructure, generation and decay; more specifically, fast and slow shocks, 
tangential and rotational discontinuities; 

(4) study of the fine structure of sho^'ks and other discontinuities at 
kinetic time and length scales in conjunction with the higher-frequency 
search-coil magnetometer and electronic field measurements; and 

(5) provision of comparative data, particularly to the solar wind, 
particle and wave experiments. 

B* Brief Description of TU-Braunschweig Search-coil Magnetometer Experiments 

on board Helios-l and -2 and their Scientific Objectives 

Both experiments use a system of trlaxlal, orthogonal search-coil sensors 
of special design aimed at very low background noise levels. The basic output 
of each sensor is proportional to the time derivative of the magnetic field 
and they are, therefore, particularly suited for high-frequency 
observations. The bandwidth of the Instrument extends from about 4 Hz to 2.2 
kHz to also Include R-mode, or whistler mode, signals close to the Sun (0.3 
AU). For the reduction of the high basic data rate, the data are generally 
first processed in a spectrum analyzer. The outputs from the Z-axis (parallel 
to the spin-axis) and one of the spin plane components X or Y pass thr< igh 
eight logarithmically-spaced analog filters (3 per decade). In a subsequent 
digital mean-value computer, mean square signals, are computed and peak values 
are detected for time Intervals ranging from 1.125 sec to 20 minutes, 
depending on telemetry bit rate. In addition, waveform data can be stored in 
the "shock-memory" at rates of 75, 150 and 300 vectors per second— a 
particularly scientifically useful capability. 

The scientific objectives of the instrument are investigation of: 

(1) the role of whistler-mode waves in the solar wind in relation to 
stream strucure. Also, Investigation of ton cyclotron waves near 0.3 AU; 
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(2) the role of above electromagnetic wave modes In shaping solar wind 
particle distribution functions , which is a fundamental problem of solar wind 
plasma physics; 

(3) use as a diagnostic tool for particle distribution functions ; and 

(4) instabilities in thin structures such as shocks and other 
discontinuities . 

C. Highlights of Scientific Results Obtained at the Technical Uni/ersity 

of Braunschweig using the Helios-1 and Flux-gate and Search-coil 

Magnetometer Experiments (£2 and E4) 

(1) First investigation of radial /ariation of the interplanetary 
magnetic field between 0.3 and 1.0 AU (E2; 4). 

(2 ) Macroscopic geometry and fine structure of magnetic sector 
boundaries using triangulation analysis and local normal determinations . 
Analysis of associated wave fields (E2, E4; 7,10). 

(3) Hlgh-“f requency electromagae tic waves generated by instabilities in 
the transition layers of tangential and rotational discontinuities. It has, 
for example, been shown that most of these discontinuities are associated with 
peaks in whistler mode wave activity, probably driven by the curr»^nts in the 
discontinuity. Since for a number of cases high time resolution waveform data 
have been available using the shock-mode, some wave events could be analyzed 
in detail; l.e*, the polarization could be determined leading to the 
identification as whistler mode waves, the waves could be transforaed into the 
plasma rest frame, etc. An example of a wave train observed a tangential 
discontinuity is shown in Figure 1 (E2, E4; 3,8). 

(4) Whlstler-raode wave spectra as a function of distance from the Sun 
(0.3 to 1.0 AU), and In relation to stream structure (E2, E4; 5). 

(5) Occurrence properties in relation to streams and energy fluxes of 
Alfven wave? In the solar wind between 0.3 and l.O AU. Alfven waves, 
particularly in the inner solar system, are of potential interest bee luse they 
possibly drive the solar wind. Interesting results on the relative importance 
of AlfvCT wave energy flux relative to the bulk solar wind energy flux are 
shown In Figure 2 for the primary missions of Hellos-1 and -2 (El, E2, E4; 9). 
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Fig. 1 > High time resolution waveform magnetic field data (TU 
Braunschweig search-coil) obtained in memory mode- Analysis of the 
wave train leads to observed frequency of 20 Hz; angle between wave 
vector jc and velocity j/, 32®; angle between jc and magnetic field 
115%; frequency in plasma rest frame 5.8 Hz. 

(a) Flux gate magnetic vector data in solar-ecliptic coordinates. 

(b) Search-coil waveform data at 75 vectors/second. 

(c) Hodograph of waveform data. 


(6) Studies of the fine structure of shocks and associated whistler-mode 
wave fields* Here the solar wind is used as a plasma laboratory to study the 
kinetic structure of collisionless shocks. The possibility of studying shocks 
inside 0.5 AU adds two advantages (compared to studies near 1 AU): The wave 
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spectral density levels are much higher and shock propagation conditions which 
are uncommn are sometimes found near 1 AU (El, E2, EA; 3,5,11). 

(7) Multipoint studies of shock propagation in the solar wind between 
0.3 and 1 AU (up to 1.6 AU in a joint Hel ios-Voyager workshop). 

(8) Comparison of magnetic field and plasma observatii)n3 between 0.3 and 
1 AU, and Faraday rotation observations at several solar radii with model 
predictions of three-dimensional MHD models of the solar wind (El, E2, Faraday 
rot.; 6). 

(9) Study of MHD properties of tangential and rotational discontinuities 
in the solar wind (E2, E4; 8). 

Only those research results culminating in published or submitted papers 
have been included. A paper on the Helios-Voyager workshop (Item 7), 
containing major contributions by Helios experiments El, E2, E3, E5 nd E8 will 

HELIOS -1 HELIOS -2 




-r[AU] ^r[AU] 

Flg« 2 » Alfven wave energy flux relative to solar wind bulk energy 
flux as a function of distance from the sun> Note the appreciable 
Alfven «ve energy flux at perihelion of Hellos-2 In April 1976. 


be submitted for publication in June 1979 by L.F. Burlaga. Goddard Space 
Flight Center. The numbers In brackets refer to the list of references. 
Including papers published or In press. In addition to these papers, a 
considerable number of progress reports and invited talks have been given at 
national and International conferences (lAGA, COSPAR, AGU, EGS). 

Further research on new aspects of solar wind physics, as well as the 
items listed above, Is in progress. 
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ROME-GSFC MAGNETIC FIELD EXPERIMENT (E 3) 


P.K: N*F. Ness, Laboratory for Extraterrestrial Physics, 

NASA/Goddard Space Flight Center, Greenbelt, MD U*S*A# 

CO-I's: F. Mariani, Istituto Fisica, Univ * Rome, Rome, Italy 

B. Bavassano, Laboratorio Plasma Spazio, Consiglio Nazionale delle 
Ricerche, Frascati, Italy 

L.F. Burlaga, Laboratory for Extraterrestrial Physics, 

NASA/G''di-di d Space Flight Center, Greenbelt, MD U.S.A. 

U. Villante, Istituto Astrofisica, Universlta L'Aquila 
L 'Aquila , Italy 


A. Experiment Description 

The Rorae-GSFC magnetic field sensor is a tri-axial, fluxgate (saturable 
inductor) magnetometer. Vector magnetic field measurements are made at equal 
time intervals at rates ranging from 16 per second to 1 per second, depending 
on the telemetry bit rates. At low bit rates (£ 128 bps) the magnetic field 
is sampled once per spacecraft revolution (1/second), and a number of samples 
(N) are processed by an on-board computer that calculates the averages of each 
of the three components of B and the sum of the variances of the three 
components. The instrument has four ranges to obtain maximum resolution. 

The sensor is mounted on the end of a boom 4 meters from the spin axis, 
to avoid contaralnacion of the measurements by magnetic fields generated in the 
spacecraft. The sensor package is provided with a **f Upper" which rotates the 
sensor by 90^ so that the zero-levels on the three sensors can be 
determined. The package is designed with an active thermal control to 
compensate for the change of solar energy from 1 to 0.3 AU. 

The purpose of the experiment is to determine (1) the structure and 
temporal variations of the interplanetary magnetic field between 1 and 0.3 AU, 
(2) the nature of the configurations and fluctuations, by relating magnetic 
field measurements to plasma observations, (3) the sources of the magnetic 
fields, by relating them to solar observations and (4) the magnetic field 
configurations and waves that influence energetic particles. 



® • HlKhlifthts of Results 


The analysis of observations Is still at an early stage and much remains 
to be discovered. Nevertheless, a number of s lgr\ L f I c.ant results hi/e b<^en 
obtained; some of these are listed and discussed below. 

(1) The radial variation of the interplanetary magnetic fj. eld between I 
AU and 0.3 AU is In good agreement with Parke r'^s Tlieory . ^ ^ ^ ^ The theo r y 
predicts that the radial component of B should vary as r while the 

'V.imuthal component should vary as r"^. Hellos-l observations showed that 
- p-(1.9±0.l)^ - j.-(1.2±0.i) ^ile 

in fast flows. Observations from other deep space probes had 
suggested t..at falls off slgnlt Icantly more rapidly than but recent 

Pioneer 10 and 11 results are more consistent with Hallos result? 

(2) The variance of fluctuations In the components of B va ries with r as 

2 —3 ' f 1 1 

5 B ^ r consistent with undamped Alfven waves . This Imp lies 

that Alfven waves do not appreciably contribute to heating or accelerating the 

solar wind between 1 and 0.3 AU. However, much remains to be learned about 

these waves from the Helios data, a\'*d further develops ints In the theory are 

needed . 

( 3 ) Magnetic fields In recurrent streams observed by Helics-*! were shown 
to originate in coronal holes in which the intensity of open magnetic field 
lines was 10 to 20 gauss . This confirms results found earHer using data 
from 1 AU, but the Hellos results are significant V^cause they are less 
subject to uncertainties In projecting data back to the sun. Hellos-l passed 
directly over a coronal hole at its first perihelion* 

( 4 ) U sing Hellos^*! magnerlc field (E3) and plasma observations of a 
sream near perihelion as inner boundary conditions for an MHD model. It was 
shown that magnetic fields can play an important role in stream 

dynamics • ^ ^ ^ ^ Prior to Helios, the magnetic field was neglected in most 
stream models. The Helios results show that this is not justified. A 
consequence ot magnetic fields is that the interaction regions of steep 
streams get broader with increasing distance from the sun, rather than 
narrower, as previously believed. 
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(5) The shape of a sector boundary surface was measured for the first 
time by Helto3-l and -"2^ and was found to be approximately a plane Inclined - 
10^ to the solar equatorial plane with small ripples on it «^^^> This new 
method of studying sector boundaries in stationary flows is possible because 
Helios rapidly samples 15® in latitude at each perihelion, and because there 
are times when Helios 1 and Helios 2 differ in latitude by « 15®. The Helios 
results are consistent with the reported disappearance of sector structure in 
Pioneer 11 data at latitudes greater than 16® at the time the Helios 
observations were made. 

(6) t new kind of magnetic field configuration, called a cold magnetic 
enhancement (CME), was identified This is characterized by relatively 
Intense magnetic fields in anomalously cold, slow flow regions ahead of fast 
streams. They have subsequently been identified in data obtained at 1 AU. 

The origin of CME^s is unknown. 

(7) Magnetic fields in slow flows were shown to be non-uniform in 
intensity and direction, and variable from one rotation to the next .^^^ These 
results provide clues to the nature of the source of slow flows, suggesting 
possibly many small sources. 

(8) Magnetic “neutral” sheets have been identified and the structure of 
some (but not all) of them is consistent with the occurrence of the non^ 
linear, tearing mode instability These observations suggest, but do not 
prove the occurrence of the tearing mode. They are significant because the 
tearing mode can change the topology of the magnetic fields. 
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A SUMMARY OF PROGRESS IN SPACE PHYSICS 
MADE WITH HELIOS PLASMA WAVE INSTRUMENT DATA (E 5a) 


P.I#: D.A. Gurnett 

Co«I»: R.R* Anderson 

Department of Physics and Astronomy, University of Iowa 
Iowa City, Iowa U.S.A. 


Many significant advances in the study of plasma waves in the solar wind 
have been made with data from the University of Iowa Plasma Wave Instruments 
on Hellos-l and -2. The first observations of intense electron plasma 
oscillations associated with Type III solar radio bursts were made with data 
from these instruments# These observations confirmed the basic electron 
plasma oscillation mechanism proposed by Ginzburg and Zheleznyako'/ in 1958 for 
the generation of the Type III solar radio emissions# A study of electron 
plasma oscillation events associated with Type III solar radio bursts, using 
data from Helios-1 and -2, IMP-6 and -8 and Voyager 1 and 2, found that these 
events showed a pronounced increase in both Intensity and frequency of 
occurrence with decreasing heliocentric radial distance* Only the Hellos 
spacecraft, with their close approaches to the Sun, have been able to provide 
in situ measurements of these events in the region of their highest 
occurrence. 

The Type III solar radio burst Itself has been studied extensively using 
data from the Helios spacecraft. Stereoscopic radio direction-finding 
measurements from the Helios-l and -2, IMP-8 and Hawkeye 1 spacecraft we^ e 
used to track a Type III solar radio burst in three dimensions, independent of 
modeling assumptions concerning the emission frequency as a function of radial 
distance from the Sun. By combining these radio direction-finding 
measurements with direct in situ measurements of the solar wind plasma density 
near the Sun, it was found that the dominant emission occurs at the second 
harmonic, 2 fp*", of the electron plasma frequency. The results of this stuay 
confirmed earlier results by other Investigations which had to rely on assumed 
models for the radial dependence of the emission frequency or on average 
statistical properties of the solar wind. 



28 


Further wottc has also been done on the association of Type III solar 
radio bursts and electron plasma oscillations in order to provide important 
new information on nonlinear plasma processes of considerable current 
interest. A study of the volume emisslvlty of Type III solar radio bursts 
showed that although the emissivities varied over a large range, all the 
eraissivltles decreased rapidly with increasing heliocentric radial distance* 
The best fit power law for the events analyzed found the emissivity J 
proportional to R” , When the observed electron plasma oscillation 

intensities and variation with radial distance (E was proportional to 
j^-1.4±0*5j used in two current models for the conversion of electrostatic 

plasma oscillations to electromagnetic radiation, the observed emissivities 
were shown to be in good agreement with the predicted emissivities. 

The most commonly occurring plasma wave detected by Helios is a sporadic 
emission between the electron and ion plasma frequencies. These waves are 
thought to be ion acoustic waves which are Doppler-shifted upwards in 
frequency from below the ion plasma frequency by the motion of the solar 
wind. Wavelength measurements from IMP -6 support this conclusion. Comparison 
of Helios results with measurements from this Earth-orbiting spacecraft show 
that the ion acoustic wave turbulence detected in interplanetary space has 
characteristics essentially identical to those of bursts of electrostatic 
turbulence generated by protons streaming into the solar wind from the Earth's 
bow shock. In a few cases, ion acoustic wave enhancements have been observed 
in direct association with abrupt increases In the anisotropy of the solar 
wind electron distribution. Comparisons with the overall solar wind 
corotatlonal structure show that the most Intense ion acoustic waves usually 
occur in the low-velocity regions ahead of high-speed solar wind streams. Of 
the detailed plasma parameters Investigated, the ion acoustic wave Intensities 
are found to be most closely correlated with the elec tron-to-pro ton 
temperature ratio, T^/Tp, and with the electron heat flux. Investigations of 
the detailed electron aitd proton distribution functions also show that the ion 
acoustic waves usually occur in regions with highly non-Maxwellin 
distributions characteristic of double-proton streams. TWo main mechanisms, an 
electron heat flux instability and a double-ion beam instability have been 
studied as possible generation mechanisms for the ion-acoustic-llke waves 
observed in the solar wind* 



29 


Plasma wave turbulence associated with Interplanetary shocks has also 
been studied using the Hellos plasma wave data. Three t 3 rpes of plasma waves 
are usually detected In association with a strong Interplanetary shock: 

(1) electron plasma oscillations, (2) electrostatic ion-acoustic or Bunei < n 
mode turbulence from about 1 to 30 kHz and (3) whlstler-mode magnetic noise. 
The primary burst of electric and magnetic field noise at the shock occurs a 
few seconds after the jump In the magnetic field, with a broad maximum in the 
electric field intensities at a few kHz and a raonotonically decreasing 
magnetic field spectrum below about 1 kHz. Many of the characteristics of 
strong interplanetary shocks are found to be closely similar to previous 
obner/atlons of plasma wave turbulence associated with the Earth's bow shock. 

The Hellos-l and -2 Plasma Wave Instruments continue to operate 
satisfactorily and are returning valuable scientific data. As solar maximum 
approaches, the number of solar radio bursts and interplanetary shock waves 
detected has increased dramatically. This increase in activity provides many 
valuable opportunities for correlative studies with ISEE-1, -2 and -3 to 
provide triangulation measurements of Type III solar radio bursts and other 
plasma wave events. Current research efforts are concentrating on the study 
of plasma waves associated with interplanetary shocks using a l^rge number of 
events to investigate the dependence of the plasma wave intensities on the 
Mach number, magnetic field direction and shock normal angle. Other studies 
of electron plasma oscillations associated with Type III solar radio bursts 
and electron plasma oscillations and ion acoustic waves in the solar wind are 
continuing • 
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ELECTRIC FIELD EXPERIMENT (E 5b) 

P.I*: Paul J. Kellogg 

School of Physics and Astronomy, Unl/erslty of Minnesota, 

Minneapolis, MN U.S.A* 

Experiment 5b for Helios consists of two parts: (1) a high-frequency 

resolution (therefore, low temporal resolution) sweeping ror elver which 
measures plasma waves in the frequency range 10 Hz to 200 kllz in 168 channels 
and (2) a waveform sampler which samples the waveform on the electric antennae 
and whose purpose is to measure the potential of shocks and of other transient 
phenomena, as well as to attempt to measure the DC electric field in the solar 
wind. 

The principal result from the sweeping receiver which has been obtained 
so far is what we consider to be a definitive answer to the problem of whether 
Type III bursts are primarily generated at the fundamental or at the second 
harmonic of the local plasma frequency. We found four Type III bursts with 
HeItos-2 which were sufficiently strong enough that we could obtain good 
spectra. Three of these bursts (the first three found) form the subject of a 
paper published in the March 1980 Astrophysical Journal . By tracing the onset 
time of the Type III bursts at each frequency and its intersection with 
electrostatic plasma waves generated locally at the spacecraft, one jan 
determine that for two of these bursts the initial radiation was at the 
fundamental of the plasma frequency, while for the third, the onset was in 
radiation at the second harmonic when the Type III burst was close to t\ Sun 

but switched over to the first harmonic as it approached the spacecraft. 

Similar effects have been suspected by other workers (Alvarez and Haddock), 
but the switchover was in the opposite direction and at higher frequencies. 

In any case, the evidence obtained with Helios is quite conclusive. 

Most of the phenomena which we see in the solar wind are not highly 

structured in frequency, so a more modest frequency resolution would have been 
adequate. One other phenomenon, however, which does show very sharp frequency 
structure is the ion acoustic noise which Experiment 5a has found to be such a 
prevalent feature of the solar wind. We have found that the frequency 
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spectrum of this ion acoustic noise has a very sharp high-frequency cutoff. 
These cutoffs can be understood on the basis of Gurnett and Scarf's high time 
resolution spectra (from Voyager) as being the highest frequency of a burst 
which Is shaped like an upside-down U on a frequency-time plot. Because of 
our low time resolution, we do not have as good statistics on Ion acoustic 
noise as Experiment 5a; however, we have found about IS events with Hellos-2 
which are suitable for analysis. These have been analyzed and will be 
published with other not-yet completed work on Ion acoustic noise. 

The waveform sampling portion of our experiment suffered greatly from 
photoelectric effects on the antenna potential which greatly limited our 
sensitivity. We had not understood exactly what would be the ^ature of the 
voltage Induced on the antenna by the competition between photoelectric 
emission and plasma electron pickup before the flight of Hellos, and a paper 
entitled "The Potential of an Antenna on a Rotating Spacecraft," discussing 
our findings, has been submitted to the Journal of Geophysical Research . In 
this respect, we find that the interference of the solar array is less than 
the inescapable interference of the photoelectric effect as the spacecraft 
turns, at least for frequencies below about 100 Hz. 
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RADIO ASTRONOMY EXPERIMENT (E 5c) 


P.I.; Robert Stone 

Laboratory for Extraterrestrial Physlca, NASA/Goddard Space Flight 
Center, Greenbelt, MD U.S.A. 


The Hellos Radio Astronomy experiment Is designed to track traveling 
solar radio bursts over the frequency range 2 MHz to 30 kHz corresponding to 
heliocentric radial distances of 0.1 to 1«0 AU from the Sun. Since the 
energetic solar electrons responsible for Type III or "fast drift" solar radio 
bursts travel outward along open magnetic field lines from the source region 
at the Sun and through the Interplanetary medium, tracking these radio bursts 
provides a unique means of studying the large-scale magnetic field topology 
and electron density dlstrlbutl'm In three dimensions for the Interplanetary 
medium out to at least 1 AU. Hellos-2, with a single spinning dipole, can 
provide only the radio source azimuth angle. Previously, we reported only one 
case of simultaneous observations between Hellos-1 and -2. With these 
observations we were able to investigate the electron density distribution, as 
well as the directivity of the radio emission. However, the motion of the 
source out of the ecliptic, and, thus, the magnetic field configuration out of 
the ecliptic, could not be uniquely determined with the two Hellos 
spacecraft. Combined with the "tilted dipole" observations with ISEE-3, the 
radio source position is now being uniquely fixed through trlangulational 
observations vd.th the two spacecraft. Additionally, despite some EMI problems 
with Helios, the number and Intensity of Type III events has dramatically 
Increased as solar maximum Is approached. 

Thus, for the first time, we are obtaining truly unique "snapshots" of 
the large-scale magnetic field topology and electron density distribution In 
three dimensions. Figure 1 shows an example reported as part of Invited talks 
at the lAU symposium "Radio Physics of the Sun" at the fall AGU (1979). The 
triangles show the trjectory projected Into the ecliptic and Is seen to be a 
spiral. The numbers alongside the triangles are the observed source latitude. 

The associated flare occurred at S19°, W82°. Therefore, the radio source and 
field lines started at S19^, were at 85*^ at about 1/4 AU, crossed the ecliptic at 
1/2 AU and remained at northern latitudes. 
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Figure 2 shows the electron 
density derived for this same 
event. Large deviations In the 
electron density distribution from a 
simple power law are often observed, 
as In this case. Approximately 50 
Type III bursts suitable for chls 
type of analysis have been 
simultaneously observed by Hellos-2 
and IS EE-3. A preliminary analysis 
of some of these events has clearly 
shown large meridional variations In 
the magnetic field configuration, as 
well as large deviations of the 
electron density gradient from a simple 
power law distribution. 
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Until the sucessful launch of 
the ISPM mission (1983-85) and the 
subsequent ttio spacecraft's wide 
separation (1985-87), the current 
Hellos-ISEE-3 observations provide 
the only method of remotely 
observing the large-scale field 
topology out of the ecliptic* 

We are also investigating, 
again through Joint Hellos-ISEE-3 
observations, the occurrence of lype 
II or slow drift traveling solar 
radio bursts excited by solar eject*. 
Induced shock waves* 
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The cosmic ray particle instrument consists of a detector telescope 
containing five semiconductor detectors of increasing thickness, a sapphire 
Cerenkov detector surrounded by an anticoincidence scintillation detector, and 
an on-board data handling system. 

The instrument is capable of measuring protons and heavier nuclei from 

1.7 to ^ 400 MeV/n and MeV electrons. It is designed to provide good energy 
and charge resolution from measurements of individual particles which are 
selected by a priority scheme. In addition, isotopes of Hydrogen and Helium 
can be separated. For higher time resolution and for the determination of the 
angular distribution using eight sectors, the total number of valid particles 
is accumulated in 96 counting channels v^ich represent in most cases protons, 
heavier nuclei or electrons of larger energy ranges. 

The primary objectives of the instrument are the investigation of the 
cosmic ray propagation in the inner solar system (solar cosmic rays and 
modulation), investigation of the coronal propagation of solar flare-generated 
particles, and studies of the effects of Interplanetary shock fronts on the 
particles. This Is performed by measuring energy spectra, chemical and 
isotopic composition and pitch angle distribution, and their spatial and 
temporal variation during solar events, corotating events, Jovian electron 
observations, energetic storm particle events and for galactic cosmic rays 
during quiet times. 



A* General 


The advantages of the Hellos-l and -2 missions for cosmic ray studies can 
be characterized by the following features : 

(1) The inner solar system between 0.3 and 1.0 AU can be probed 
repeatedly during varying conditions of solar activity. The long active 
measuring period of the two spacecraft covers the declining phase of the 
preceding solar cycle, solar minimum conditions, the rising phase of the new 
cycle » and, hopefully, the period up to the next solar maximum. 

(2) The closer approach to the Sun allows studies during solar flare 
events related to the acceleration and release processes which are not 
detectable from 1 AU and beyond, because here effects of interplanetary 
scattering smear out details of processes occurring close to the Sun. In 
addition, small solar events — which are Interesting in many respects — can be 
resolved with better statistics. 

(3) The existence of two spacecraft ^^Ich are, in general, at different 
heliocentric radial distance, longitude and sometimes latitude allows 
separation of coronal and interplanetary propagation effects. Ideal 
situations exist during periods of magnetic lineup with spacecraft near the 
Earth and in outer space. 

(4) The c^'cellent coverage of Hellos-l and -2 from the DSN and other 
antennae, combined with the data storage capabilities, has provided unique 
data coverage during roost of the lifetime of the two space probes. 

(5) The combination of "particles and fields" experiments on Hellos, in 
particular the relation between cosmic rays, magnetic fields and 
Interplanetary plasma, and the existing and continually-growing cooperation 
between the various experimenters are prerequisites for the new results v^ich 
were obtained. 

(6) The angular resolution of the Kiel experiment and the range of 
particle types and energies measured allows ns to study the full set of 
problems related with energetic particles in the solar system* These 
problems, end the results obtained so far, are briefly aumaarized in the 
following sections. 


< 
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B. Solar Cosmic Rays I; Interplanetary Propagation 

The full spectrum of /artous Interplanetary propagation models fncarly 
scatter-free, coherent, focused transport diffusion) has been found In the 
Hellos data* Several cases with an extremely small amount of Interplanetary 
scattering could be Identified. Figure 1 shows the result of cooperation with 
the Caltech group for the March 3, 1975, event when Hell< 3-1, at O.-t AU, and 
IMP-8, at 1*0 AU, were located on nearly che same Interplanetary magnetic 
field lines. The change In absolute Intensities, the temporal shift and 
the long-lasting anisotropies are a 
clear Indication of the coherent 
mode of propagation . The observed 
Intensity profiles rela*.e directly 
to the solar Injection process 
(A.IO, B.18). 

During another event, a finite, 
but large, mean free path of x - 0.7 
aU la found for both *’0.5 MeV 
electrons and “ 5 MeV protons. 

Figure 2 shows a fit of Earl's model 
of focused transport to the March 
28, 1976 event (Hellos 2 at 0.5 
AU). The solar Injection is 
indicated by Che dashed line. The 
corresponding onset of the 
relativistic electrons coincides 
almost exactly %dch che 7 GHz radio noise 
burst. Analysis of angular distribu- 
tions (Fig. 2, top right) allows us for 
Che first time to detarmine the form of che pitch angle scattering 
coefficient, which goes through a minimum near 90° pitch angles, but is 
inconsistent with models of isotropic or Alfvenlc wave scattering (A. 13, A. 17, 
B. 27). The same event is studied by applying the collimated convection models 
(A.19, B.22). In any case, Che great importance of the large-scale 
interplanetary magnetic field structure is stressed. 



Fig, l ! Intensity time profiles 
of Che March 3, 1975 event, an 
example of coherent propagation. 
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Flg» 2 ; Fits of the focussed transport model to Intensities, 
anisotropies and angular distributions* 

The systeouitlc study of proton-to-alpha variations during solar events 
has confirmed the surprising finding that occasionally 9X/9P <0 for 
rigidities P ^ 150 MV, which no existing scattering theory Is presently able 
to explain (B. 17, B. 28, C.6). The p/a-varlatlon for a number of events Is 
shown In Figure 3 (B*28, C*6)» 

Apart from the short-lived, hlghly-anlso tropic events mentioned above, we 
find long- lasting events with nearly Isotropic angular distributions* A 
systematic study Is under way to relate the different types of events to the 
large-scale structure of Interplanetary space and to different phases In solar 
wind streams* Fhll advantage will be taken of Points (3) to (6) mentioned 
above* Related theoretical work (A*ll, A*14, A*15, A*20, A*21) will aid us In 
Interpreting the variety of experimental results* 

t 

\ 

; Solar Cosmic Ravs II; Coronal Propagation and Solar Injection* 

I 

I The different appearances of events lAien Hellos-1 and -2 are at different 

heliocentric longitudes Is Immediately obvious In a large number of cases 
(A. 8)* The variations cannot be explained by coronal diffusion alone (A* 6), 
but confirm the role of solar sector boundaries as Inhibitors for coronal 
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transport* Figure 4 shows the 
absence of the March 28, 1976, event 
In the protons on Hellos-l, 
connected with a different solar 
sector than Hellos-2* The 
appearance of a small remaining 
electron population presents a 
puzzle; It Indicates that In 
contrast to the similar propagation 
of electrons and protons along the 
Interplanetary field, their 
transverse transport, either In the 
corona or In space, must be 
different* For the long-lasting 
event of March 23, 1976 (Fig. 3) we 
find a decay time for coronal 
release of (30t3)h, an e-foldlng 
angle for the longitudinal dependence 
of (4018)<^ (A* 6, A. 16). 
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Fig* 3 ; p/a variation for various 
energy ranges during several events* 
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Clues to the solar 
Injection process for events 
with small Interplanetary 
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D. Solar Cosmic Rays III: 
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Until December 1977 we 



197T 



had found 9 He -rich events 
with ratios r(He^/He^) 

>0.2 (B.29, C.7). Earlier 
findings on this unusual class 
of solar events have been 
confirmed (small events, no d 
and t, large He^/p-ratlo) . It 
is Interesting that apart from 
the nucleonic compositions 
these events do not seem to 
differ from "normal” events. 

They show similar temporal 
structures and the same ratio 
of relativistic electrons to *^10 
MeV protons. This confirms the 
idea of preferential pre-heating 
of He under suitable source 

conditions followed by the normal flare acceleration process (Fisk, 1978). 

One unusual feature, which needs confirmation by other events found so far, is 
the appearance in the slow solar wind (based on plasma data from El, courtesy 
H. Rosenbauer and R. Schwenn) (Fig. 5). The event with the largest He^ 
content shows a rather peculiar difference between the time profiles of 
electrons, protons and Helium nuclei, depicted schematically in Figure 6 (A. 7, 
A. 10). This is an example of a situation occurring rather frequently, namely 



Fig . 5 » Relation of ^e-rich events 
to the solar wind velocity (cour- 
tesy H. Rosenbauer and R. Schwenn). 
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that repeated small injections of 
Helium nuclei are accompanied by 
much smaller, or even no, Increases 
In protons or electrons (A. 10). 

E. Interplanetary Acceleration 
(Recurrent Events) 
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The first direct gradient 
measurement during the same 
recurrent event was obtained by a 
comparison of Hellos-1 and -2 and 
IMP-7 and -8 measurements In 
cooperation with the Caltech group 
(A. 9). Figure 7 shows the radial 
Intensity variation between 0.4 and 3 
1.0 AU for the corotating event In 
March 1976. Numbers 1 through 7 
Indicate various phases of the 
event. In the main phase (3 to 7) 
we find (330±20)%/AU for the radial 
gradient. The positive value 
clearly Indicates an outer source; 
interpretation in terms of a 
stationary diffusive/convective solution 
(Marshall and Stone, 1977) leads 
to a radial mean free path of 
0.04±0.01 AU, in good agreement 
with results from solar particle 
events (A. 10). 
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Fig. 6 * Intensity time 
profiles of the ^He-rich 
events of March 19 and 
20, 1978. 


The jump to a large positive gradient coincides with a marked increase in 
the absolute intensity and with the onset of a fast solar wind stream. A more 
detailed analysis for additional events is presently under way with the aim of 
revealing the conditions for the occurrence of Interplanetary acceleration 
related to corotating shocks. 



43 


F. ESP-event8 aud 
Forbush- 
decreases 

The study of 

Energetic Storm Particle 

(ESP) events gives In 

situ Information on 

acceleration of charged 

particles by 

Interplanetary shocks 

and on the large-scale 

structure of shock- 

related magnetic 

fields. A number of 

ESP-events detected on 

Hellos show the 

following signatures; 

(1) the Intensity of MeV 

protons In the decay Fig . 7 . Radial dependence of the Intensity 

phase of a solar event recurrent event for 

different phases during the event. 

starts well before the 
shock arrival, (2) 

the anisotropy Increases gradually and changes sign with the shock front and 
(3) the alpha-to-proton ratio shows different behavior from one event to the 
other, ranging from no change at all to a factor of 2 Increase. 

It Is Interesting that similar signatures are also found during magnetic 
field enhancements v^lch are definitely not shocks. In many cases, the ESP- 
event Is limited by the arrival of the piston driving the shock. In these 
cases, the hlghest-energy channel displays a marked Forbush decrease. The two 
features seen In the cosmic rays Indicate the arrival of large extended 
magnetic field discontinuities, which act as rigidity-dependent barriers for 
energetic particle penetration (for first results see B.24, B.25, C.3). 

G. Jovian Electrons 

The Hellos orbits offer the possibility of observing electrons of Jovian 
origin In the 0. 3 to 2 MeV energy range at distances from 1 to 0.3 AU from the 
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Sun. These data are not contaminated by Earth magnetospherlc electrons from 
which IMP data in th-*.s energy range suffer. The time period from launch of 
Helios-l in December 1974 to September 1977 was centered around solar minimum 
and, furthermore, showed exceptionally-low solar activity. This provided 
excellent conditions to observe the dependence of Jovian electron events on 
the ”Jovlan electron seasons" down to 0.3 AU where interplanetary shock 
fronts, in connection with fast solar wind streams, do not yet develop. This 
observation favors a model in v^ich the propagation of charged particles, at 
least in this rigidity range, is governed by the large-scale structure of the 
interplanetary medium and in which diffusion, especially perpendicular to the 
magnetic field, does not play a significant role (A. 18, B.23, B.26). 

H. Modulation! Long-term Changes and Spatial Gradients 

During the recovery phase of solar cycle 20 we have observed significant 
long-term variations in the cosmic ray intensity: While the Deep River 

neutron monitor readings increased by 2.7% between December 1974 and June 
1975, we observe a 50% increase of 30 MeV protons with a phase lag of 2 to 3 
months and a 100% increase in the Helium intensity at 30 MeV/n with a phase 
lag of 1 month; i.e.. Helium nuclei are modulated roughly twice as much as 
protons of the same energy/nucleon. 

To determine the radial gradients in the period of pronounced time 
variations, we have reduced the effects of time variations by using the 
ratios of the particle intensities measured by the GSFC cosmic ray experiment 
on IMP -8, kindly provided by T. von Rosenvlnge. From December 1974 to 
December 1975, the proton gradients in the energy range 20 to 50 MeV are small 
and generally consistent with zero within errors, whereas the Helium gradients 
are small, but positive (A. 7, A. 12, B.12). 

Scanning the inner solar system four times in 13 months of pronounced 
time variations did not reveal a clear change in the differential proton and 
Helium gradients* From this we conclude that the observed long-term intensity 
variations occurred almost simultaneously and uniformly in the inner solar 
system, indicating a large distance to the boundary of the modulation 
region* This allows the Helios measurements to serve as a good baseline for 
other deep space missions* 
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The integral gradients for protons and Helium nuclei were determined 
without a reference measurement at 1 AU, but during a time of only small 
temporal variations (end of 1977 to beginning of 1978)* During this time 
period, the Hellos spacecraft had traversed the space between 1 and 0*3 AU 
eleven times. A superposed epoch analysis yields gradient values of 20±9%/AU 
for > 51 MeV protons and 28±12%/AU for > 48 MeV/n Helium nuclei. These large 
values, observed inside 1 AU, differ from the results of the Pioneer 10 and 11 
measurements taken between 1 and 18 AU. They can be explained by a radially- 
dependent diffusion coefficient, as proposed by Morfill et al. (1979). 
Comparison with a model of three-dimensional modulation is In preparation. 

i* International Cooperation, Future Plans and Interest in the Scientific 

Community 

A rich research program for further investigation of the solar system is 
still under way. The Hellos-Voyager workshop in the fall of 1978 and the 
Helios Working Group Meeting in the spring of 1979 indicated a large number of 
interesting solar events, covered by many spacecraft, from the new cycle. 
Results from the Hellos-Voyager workshop have been presented at two 
conferences (Spring AGU Meeting, 1979; International Cosmic Ray Conference, 
Kyoto, 1979). Future cooperation on a number of problems has started with the 
APL/JHU group (Prof. E.C. Roelof), and cooperation with the Central Research 
Institute of Physics, Budapest, is under way. Hopefully, Helios will survive 
its next aphelion so that the coordinated efforts during the SMY will supply 
an unprecedented opportunity for tackling and finally resolving the 
acceleration and release processes during solar flares. 

The great Interest throughout the scientific community is documented by 
invited and public talks. Integration into the University research program is 
Indicated by a number of Master's theses and dissertations (section C, 
Bibliography) • 
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COSMIC RAY KXPERIMENT (E 7) 
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NASA/Goddard Space Flight Center, Grcenbclt, MD U,S.A. 

Co-I^s: Frank B. McDonald, Thomas. E. Cline, Upendra. D. Desal and Bonnard J. 
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Kenneth G. McCracken, CSIRO, North Ryde, N.S.W., Australia 

Michele Van Hollebeke, NASA/GSFC and University oi Maryland, College 
Park, MD U.S.A. 


The purpose of the Hellos experiment E7 Is to carry out Investigations of 
the energy spectra, charge composition and flow patterns of both solar and 
galactic cosmic rays. Three separate dE/dx vs. E telescopes, In combination, 
enable the following particle species and energy ranges to be measured: 
electrons, 50 keV to ^8 MeV; protons, 100 keV to '*800 MeV; alpha particles, to 
600 MeV/nucleon; heavier elements up to Neon to "*200 MeV/nucleon. The 
experiment Includes a proportional counter to monitor solar X-rays in the 
range 2 to 8 keV with coarse event location on t* 2 Sun. 

In addition, Hellos-2 includes a gamma-ray burst detection system (co- 
Investlgators for this portion are T.L. Cline, U.D. Desal and B.J. 

Teegarden). The Instrumentation for the gamma-ray burst system includes a 
separate sensor with a memory that preserves each gamma-ray burst time history 
with 4-milllsecond time resolution. The purpose of this experiment Is to 
accurately triangulate gamma-ray transient source positions by comparing wave 
front profiles with other interplanetary and near-Earth sensors. 

Introduction 

The Goddard Space Flight Center cosmic ray experiments aboard Hellos-l 
and -2 are used to investigate a number of astrophyslcal problems ranging from 
solar cosmic rays to interplanetary acce^ »«ratlon process studies to studies of 
the galactic end the so-*called anomalous component* The broad solar minimum 
condition i4ilch persisted from 1972 to the beginning of 1978 favored some 
studies such as that of interplanetary energetic particle streams related to 
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corotaclng interaction regions and that of the radial gradient and the energy 
spectra of the galactic and anomalous components* Solar cosmic ray studies 
progressed more slowly, with only a few solar flare events being observed by 
Helios before late 1977, at «^lch time a few large solar flares were reported 
from the new solar cycle* A number of the studies described here are still in 
progress, since the observation of a larger sample of events is necessary to 
lead to definite conclusions* 

A* Solar Cosmic Rays 

(1) Intrinsic Characteristics of Solar Flares 

One important cheracteristic in studying acceleration processes is 
the source energy spectrum* This has been investigated in the past by Van 
Hollebeke et al* (1975) using data from a large number of events observed at 1 
AU* By analyzing the variation of the proton energy spectrmi with the 
azimuthal distance from the flare to the observer connection longitude, these 
authors found that over the limited energy range from 20 to 80 IfeV, the 
spectrum of the proton number density can be expressed as a power law in 
kinetic energy (N(E)'^“* for events associated with flares that are well- 
connected magnetically to the observing spacecraft* 5 has a very small 
dispersion, with 90Z of the events ranging between 2*5 and 3*7* It was 
further discussed that the effect of interplanetary transport can be 
neglected, provided this spectrum is determined from measurements made at 
maximum intensity* Thus, such a measured spectrum could be considered at a 
good representation of the source spectrum* 

From Helios-1 and -2 observations at "*6 AU of a flare-associated event 
magnetically well connected, it now appears that over the extended energy 
range from *3 to 300 MeV the proton spectrum departs slightly from a power 
law, since it bends at energies below 1 MeV and steepens above 200 MeV* A 
calculation by Bamaty (1979), using a Fermi acceleration process for the 
second stage acce'eratlon, gives a very good fit to the data* Figure 1 
illustrates this calculated fit (dashed line), superimposed on the measured 
proton spectrum, for the April 8, 1978, event* To further confirm this study, 
more observations at close distances to the Sun of events magnetically well 
connected to Helios are necessary* Due to the increasing number of large 
flares incoming from the new solar cycle, we expect that a conclusion of this 
study will soon develop* 



54 


(2) Coronal Transport and 
Particle Release 


Evidence of a "fast 
propagation region," where energetic 
particles appear to have nearly 
Immediate access to the 
Interplanetary magnetic field over a 
region extending ±60*^ from the flare 
site, was found earlier from 
statistical studies of flare- 
associated events detected by a 
single spacecraft observation at 1 
AU near the Earth. Observations by 
Hellos-l and -2, closer to the Sun 
and at different aalmuthal distances 
with respect to the flare site, of a 
few flare-assoclatd events have 
further confirmed the existence of 
this fast propagation region. In 
addition, the fast component, 
attributed to energetic particles 
propagating In front of the flare- 
associated shock, has been 
Identified In the case of the very 
energetic event of April 28, 

1978, when Hellos was at .3 AU from 
the Sun, as a spike occurring Just 
before the main Increase of the 
event. This study, presented at the 
16th International Cosmic Ray 
Conference, Is being extended u^lng 
both magnetic field and anisotropy 
measurements to determine: (1) the 

/ 

role of the shock In the acceleration 

mechanism preceedlng the release of the particles Into the Interplanetary 
medium, and (2) the physical process leading to the release of energetic 
particles In front of the Shock. 



Fig. 1 : Source proton energy 

spectrum observed by Hellos-2 at 
.5 AU. The dashed line Is a fit 
to the data by Ramaty (1979) using 
a stochastic Ferml-type accelera- 
tion during 2nd phase of accel. 
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Using mainly statistical analysis of observations of a large number of 
events by a single spacecraft, past investigations of the energy dependence of 
the release of particles into the interplanetary medium (after their transport 
in the corona) have been quite controversial. Based on the observed increase 
of the spectral index away from the flare longitude, and assuming that the 
coronal propagation is independent of energy. Van Hollebeke et al, (1975) 
concluded that there was a dependence of energy (or velocity) for the escape 
rate. However, two similar studies at different energies by mcKlbben (1973) 
and Reinhard (1975) did not show any dependence of the slope of the energy 
spectrum with heliolongitude, Hellos-l and -2 and Voyagers 1 and 2 provided 
the first opportunity to resolve this apparent discrepancy. The spacecraft 
longitudes were 120*^ apart during the observation of a series of solar flares 
observed In September 1977, An analysis was performed by Conlon et al, (1979) 
of the variation with the heliolongitude of the spectral shape and of the 
abundance of alpha particles relative to protons. For this series of flare- 
associated events, the analysis supports the earlier conclusions of Van 
Hollebeke et al, (1975), However, the energy spectrum for this series of 
events is generally harder than that found in the previous statistical 
analysis of flares detected during the previous solar cycle (see Fig, 2), 


Fig, 2 ; Variation of the energy spectral 
index with the flare heliolongitude relative 
to the observer connection longitude. The 
data points are observations by Helios-2 and 
Voyagers 1 and 2 for the September 1977 
series of events. The dashed contours refer 
to the envelope tdilch contained 90Z of the 
events observed during the previous solar 
cycle and were previously analyzed by Van 
Hollebeke et al, (1975), (From Conlon et 
al,, 1979), 
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Preliminary analysis seeems to indicate that this difference may reflect 
changes in the dynamics of the acceleration process, either for this 
particular active region only, or for all flares observed during the present 
solar cycle. This study, which is of great importance to understanding the 
dynamics of acceleration processes relating to solar cycle, is being pursued 
on more solar particle events which have since occurred. 
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Bt Corotating Energetic Particle Streams. Interplanetary Acceleration 

The corotating energetic particle streams are the major source of MeV 
protons In the outer heliosphere during solar minimum* The discovery of a 
positive radial gradient by Pioneers 10 and 11 between 1 and 4 AU led ticDonald 
et al* (1976) to propose Interplanetary acceleration as the most plausible 
explanation for the formation of those streams and to suggest the suprathermal 
distribution of the solar wind as a possible source of particles* To assist 
In the confirmation of this result and to define the possible type of 
acceleration mechanism and the origin of the pre-accelerated particles, 
detailed studies of the main characteristics of these events have been 
performed* These studies used primarily the network of cosmic ray experiments 
now available with Hellos-l and -2 (between *3 and 1 M), IMP-7 and -8 (near 
Earth, at 1 AU), Pioneer 11 (between 1 and 5 AU) and Pioneer 10 (between 1 and 
10 AU) In correlation with solar wind measurements* They covered much of the 
solar minimum period of Cycle 20 and ranged from *3 to 10 AU* 

The main characteristics that such studies have revealed are: 

(1) the existence of a positive radial gradient of some +350X per AU 
between *3 and 1 AU* An average gradient exists of -flOOX per AU between 1 and 
4 AU and a negative gradient of some -40 to -100% per AU beyond 4 to 6 AU* No 
evidence of a latitudinal gradient for 6 < 15*^ has been found on the data 
organized, with respect to hellolatltude* 

(2) t!ie close association of those particle events with corotating 
Interaction regions (CIRs) formed between the high-speed and low-speed solar 
wind streams (as seen by Pioneer beyond 1*5 AU) was found to persist near and 
Inside 1 AU with the energetic particles contained only Inside the high-speed 
solar wind stream. In a region adjacent to the CIR. 

The form and the radial dependence of the energy spectrum Is of special 
Importance In defining the spatial dependence of the acceleration process* It 
was found that an exponential In momentum of the form dJ/dP • gives a 

good fit to the data for both proton and alpha particles* P^ ranges typically 
from 9 to 16 MV/n for most of the events and shows little variation with 
radial distance from *3 to 4 AU, while the intensity may vary by more than two 
orders of magnitude over this distance (see Fig* 3). The variation of the 
energy spectra with respect to CIR boundaries was also studied* These 
results, published by Van Hollebeke et al (1978) and Van Hollebeke et al- 
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Fig* Energy spectra of a corotating energetic 
particle stream observed for 3 consecutive solar 
rotations In 1976 (from Van Hollebeke et al., 1979). 


(1979), have been used extensively by those and other authors In their 
approaches to resolve the problems of the origin and Interplanetary 
acceleration of corotating particle streams. 

C. Galactic Studies 

With essentially Identical cosmic ray detector systems (as on Pioneers 10 
and 11), the Hellosol and -2 missions have provided a good baseline for 
measuring directly the amount of residual modulation near solar minimum When 
the oserved galactic cosmic ray Intensity has Its larger value, and at the 
time vrtien the anomalous component Is observed at 1 AU. 

In order to determine the radial and rigidity dependence of the 
modulation, the variation of the energy spectra with radial distance has been 
measured over the extended range of energy from 5 to 500 MeV/n for alpha 
particles and from 20 to 56 MeV and 120 to 200 MeV for protons. The periods 
selected for these studies were late 1975, when Pioneer 10 was between 8.5 and 
9.1 AU and Pioneer 11 at **3.8 AU (McDonald et al., 1977), and from March to 
June 1977 when Pioneer 10 was '12.8 AO and Pioneer 11 at 5.1 AU (McDonald et 
al., 1979). 
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It was found chat the observed gradient decreases with heliocentric 
distance and chat this change varies with energy from a ratio of 4 at 200 HeV 
CO 1.7 at IS MeV. Such changes suggest that the diffusion coefficient may not 
be a separable function of position and rigidity. 

Above 1 GV the measured gradients of He and H are well described by 
conventional modulation theory. At low energy the He is dominated by the 
anomalous component. Observations during the second selected period show that 
the spectral shapes of Helium at Chose energies are not greatly changed 
between 1 and 13 AU (implying reduced energy losses for these particles). In 
Che same manner, the apparent energy loss for low-rigidity Ifydrogen appears to 
be appreciably smaller than expected (see Fig. 4). Those observations led 


Fig. 4 : Energy spectra for 

Hydrogen and Helium measured 
by Pioneers 10 and 11 and 
Helios-l and -2. The dashed 
line through Che Hellos data 
is a fit of the form JHaHoa “ 
exp-(0.17/8) . The Sotted 
line represents the fit 

'*11“‘^1Q idiere is 

derived from Che Helium 
measurements (from McDonald et 
al., 1979). 


McDonald et al. (1979) to 
suggest alternate approaches 
to that proposed by Fisk et al 
(1974) to explain the 
anomalous component. 



The study of the radial 

gradient between .3 and 1 AU has been more difficult. In addition to the 
radial gradient, measurements made by Helios from .3 to 1 AD represent the 
combined effects of temporal, asimuthal and latitudinal variations; some of 
these variations are at least a factor of 3 larger than the expected radial 
variation* The largS'-scale temporal and asimuthal effects have been eliminated 
by using the ratio of the particle intensities measured at Helios to that 
measured by IMPs 7 and 8 at 1 AD, after correcting for corotatlon effects. 
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Transient effects, such as low-energy particle events and Forbush decreases 
associated with solar flares, have been eliminated from the data* The 
resulting measurements contain both radial and latitudinal gradients and show 
a gradient of less than 5% per AD for both protons and alpha particles In the 
range of '’115 to 220 MeV/n* This result was presented at the 16th 
International Cosmic Ray Conference and seems In disagreement with the 
measurements of the University of Kiel group* It Is presently being reviewed 
with a more extensive set of data* 

D* Gamma-ray Bursts 

Gamma ray transients have been success fuly observed %d.th Hellos-2 on over 
20 occasions during 1976 to 1979* At least six of these events were also 
detected by the other space probes and Earth satellites forming an 
Interplanetary gamma-ray burst sensor network. Including Ploneer-Venus 
Orblter, Venera- 11 and -12, ISEE-3, Prognoz-7 and the Vela system* Their use 
as a long-baseline timing array fox acurate wavefront trlangulatlon has 
produced the first precise (arc minute diameter) gamma-ray burst source 
locations* The first source object Identification for a gamma-ray transient 
was the N49 supernova remnant In the Large Magellanic Cloud, a galaxy outside 
our own* The 5 March 1979 transient originating there was shown not to be a 
typical gamma-ray burst, but a new type of cosmic outburst* 

The consequences of this discovery should prove to be very Important In 
high energy astrophysics* One recently suggested explanation (Ramaty et al*, 
1980), taking into account both the great distance of the U(C and the exact 
details of the observed spectrum of the transient. Involves an Internal 
transition In a neutron star, which dissipates Its energy with gravitational 
radiation* If this Is a true explanation, the 5 March 1979 transient Is the 
first detected neutron star transition aoi can be considered the first direct 
evidence for gravitational radiation* 

Studies of source locations of gamma-ray bursts of the classical Vela 
variety are presently being undertaken trlth optical and X-ray telescopes* 

These source fields are presently "empty" sky, not other supernova remnants or 
other known X-ray emitters* 
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SPECTROMETER FOR MEASUREMENTS OF 
LOW-ENERGY ELECTRONS AND IONS (E 8) 


P.I. Erhard Keppler, Max-Planck-Instlcut fur Aeronomie, 

Katlenburg-Llndau, West Germany 

CO-I's: Arne K* Richter, Klaus Richter, Gerhard Umlauft, Berend Wilken 

Max-Planck-Institut fur Aeronoraie, Katlenburg-Lindau, W. Germany 

Donald J# Williams, NOAA, ERL-SEL, Boulder, CO U.S.A. 

A. Short Description of the Instrument and Its Primary Purpose 

The instrument developed at our institute (weight: 3.5 kg; power: 

4.4 W) utilizes an Inhomogenous magnetic field for separation of charged 
particles. Protons (and heavier particles) traverse the magnetic field almost 
unaffected and are detected in a telescope arrangement consisting of 2 
semiconductor detectors (Silicon surface barrier detectors). Electrons are 
focused and detected by 4 semiconductor detectors. Positrons (if present) 
will be deflected in the opposite direction and detected there in another 
detector. The latter one is protected in a telescope arrangement, in order to 
suppress background. The instrument is almost normal to the spin axi.^ of the 
probe and detects particles which are coming from an angular range of ±15° 
above and below the ecliptic plane and ±10° in the ecliptic plane. By 
Utilizing the probe spin, measurements are perf^. ed in 16 sectors in order to 
determine the angular distribution of particles. 

Their energy is determined by pulse-height analysis of the various 
detector signals. The energy spectrum of the particles is obtained separately 
in all 16 sectors. In total, there are 551 different counting rate words (8 
bits each, quasilogarithmlcally compressed) transmitted; in addition, 3 
status-indicating and 20 housekeeping words (voltages, currents, temperatures, 
noise) are transmitted* The shortest sampling time is about 6 seconds. In 
regular intervals an in-flight calibration is performed, during which, by 
electrical means, the amplifiers, thresholds and complicated logic are tested* 
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B. Highlights of Results 

(1) Magnetospherlc Studies with Hellos 

Fortunately for both Hellos-1 and -2, it became possible to turn on 
some of the Instruments soon after launch, while the spacecraft were still 
within the Earth's magnetosphere. Using the magnetometer data and our low- 
energy particle data we were able to Investigate t!ie passage of the Earth's 
magnetopause and magnet'' ■’heath more closely. The spacecraft, with Its spin 
axis In the ecliptic plane, traversed the magnetopause at the dusk side closer 
to the subsolar point than most other spacecraft. From our study we were able 
to confirm the existence of the energetic electron layer Just outside the 
magnetosphere and also to identify what we call the "Ion layer," «dilch Is of a 
similar nature. T!ie data Indicate that the particles are streaming away from 
the subsolar point along the magnetopause, and also that there seem to be two 
pop ( la t Ions present: one which is clearly seen at higher energies with 

typically flat energy spectra, and another seen only at lower energies with 
typically steep energy spectra with a similar slope for Ions and electrons. 

It is this particle population wltich seems to stem from acceleration at the 
magnetopause through a magnetic merging process. From the intensities we see, 
we conclude that the energy flux appearing In these lower energy particles, 
mostly the Ions, Ir consistent with what one would expect from merging. Also, 
we propose that the acceleration process to be considered essentially brings 
plasms particles up Into the several tens to a few 100 keV energy range. 

This, on the other hand, would only require acceleration of a minor percentage 
of plasma particles (~10"^), which would not be noticed by plasma 
measurements. 

(2) Interplanetary Studies 

The first Interesting event seen on Hellos occured on January 6, 
1975. Here, a shock front passed the spacecraft which considerably affected 
the low-energy ion population. Using the Hellos Instrument set we were able 
to investigate this event very closely so that the particle spectra obtained 
during this event could be compared with existing models of shock acceleration 
of particles. Host important In this context was our finding that the 
application of the Comp ton-Cet ting correction at low energies wns not only 
mandatory, but that in order to perform the transformation correctly (and not 
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rely on unproven or simplified aeeumptlons) , the energy spectra of Ions had to 
be measured as a function of direction, which we actually do In 16 sectors. 

We also noticed that most instruments In the low-ene”gy regime are sensitive 
not only to protons but to heavier Ions, as well, which, during fast solar 
wind conditions, could actually result In comparable contributions to the 
counting rate* 

A study has now been completed In vdilch plasma and magnetic field 
data have been used to describe a shock* The energetic particle data have 
been searched to test for the circumstances tdilch essentially allow 
acceleration of charged particles* The general findings of this study were 
that particles are only accelerated If the shock propagates almost normal to 
the magnetic field, and that some particle population has to be present out of 
idilch, apparently, the acceleration process works* 

A very Interesting observation by the two Hellos spacecraft was made 
during the solar flare event In November 1977* (This event was discussed 
during the Hellos-Voyager Workshop, and the results will be published soon*) 
The two spacecraft, separated by **25^ In longitude, observed the arrival of 
relativistic particles simultaneously* Different from Hellos-2, Hellos-1 did 
not see low<-energy particles at all, while at Hellos-2, close to the 
relativistic particles, low energy electrons (<, 100 keV) arrived In remarkable 
fluxes* Long after the peak of the relativistic particles, low-energy Ions 
were also observed* This low-energy population was wiped away when the 
Interaction region, proceeding a fast solar wind stream, passed Hellos-2* 
Physical properties of these Interaction regions are presently being studied* 

Low-energy electrons quite often show, idien they arrive at the 
spacecraft, a remarkable time dispersion effect* Wb are presently studying 
Whsthsr thsse electrons are causing electron plasma oscillations Which hsvs 
often been observed* A clear relationship botween both has never been 
established, but hss often been suggested* 

With solar activity rstumlng abruptly In Septeiibor 1977, ws heva 
now had numerous observstlons of low-ensrgy partlelei related to solar 
flares* Several studies sre now undsr way to Invsstlgste those effects* 
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(3) Possible Retulf Expected Purina Solar Maximum 

Wlch the rise of the solar cycle, which started alnost suddenly In 
September 1977, the conditions In interplanetary space changed, as well, 
Vftille during the quiet times Interplanetary shocks were a relatively rare 
phenomenon, their number has since increased, as has the number of times we 
have encountered low<>en«rgy charged particle populations. Thus, during the 
maximum phase of the solar cycle, we expect to significantly Increase the 
number of examples of shock acceleration of charged particles to be studied, 
thus to broaden the basis for refining and Improving models for 
acceleration* The frequency of solar flares has also Increased so that 
propagation studies of charged particles In the Inner portion of the solar 
system can be Improved. Until now m have seen only a few examples of flare 
propagation, while the probes were within the orbit of Mercury. 
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ZODIACAL LIGHT EXPERIMEOT (E 9) 


P.I. ; Christoph Leinert, Max-Planck-Institut fur Astronomle, 
Heldelberg-Konlgstuhl, West Germany 

Co-I's: Eckhart Pltz, Hartmut Link and Ingrid lUchter 

Max-Planck-Instutut ftir Astronomle, Heldelberg-Konlgstuhl, U.G. 

Martha Hanner, Jet Propulsion Laboratory* Pasadena, CA, U.S.A. 
(formerly at MPI fur Astronomle) 


The experiment consists of three photometers, each measuring the 
brightness and polarization of the zodiacal light In three wavelength bands : 
ultraviolet (360 nm) , blue (420 nm) and visual (540 nm) • On Hellos-1 the 
photometers are directed south of the ecliptic, scanning bands at ecliptic 
latitudes -16*^, -31° and the region of the south ecliptic pole. Hellos-2 
surveys the corresponding areas north of the ecliptic. 

The primary purpose of this experiment Is to deduce from the zodiacal 
light observations the spatial distribution of Interplanetary dust within 
1 AD. 

Results to Pate 

From the beginning (1) the zodiacal light observations showed a 
remarkable smoothness and reproducibility. This Is Illustrated In Figure 1, 
fdilch Ahows the average sky brightness as a function of heliocentric distance, 
as observed by Rellos-1 and -2 during one orbit In the first half of 1976. A 
more detailed presentation of all available measurement during January 1975 
for one specific viewing direction Is shown In Figure 2. Note that part of 
the remaining scatter Is due to changing star background. Work Is In progress 
to search for fluct'.'atlona In the zodlaal light of the order of a few percent, 
idilch could be attributed to spatial condensations of Interplanetary dust or 
to solar activity. 

The Increase In sky brightness towards perihelion is due to increased 
zodiacal light brightness. The quantitative increase in zodiacal light 
brightness alone is shown in Figure 3 for specific viewing directions. Again, 
there is a difference between the inbound (upper) and outbound parts of an 
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Fla. 1 ; Observed sky 
brightness (zodiacal light 
plus star light) as a function 
of heliocentric distance R of 
Hellos* The average 
brightness over the band at 
ecliptic latitude 16° Is 
shown, normalized to the value 
at aphelion* The difference 
between the Inbound (points) 
and outbound parts of the 
orbit Is due to the tilt of 
the plane of symmetry* The 
peak at 0*8 AU Is due to the 
passage of comet West* 
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Fla* 2i Variation of sky brightness during January 
1975* The Intensity scale Is linear In arbitrary 
units with suppressed zero* 
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Figt 3 ; Variation of zodiacal light brightness with 
heliocentric distance R of Helios for various angular 
distances e from the sun. 1 SIO is equivalent to 1.3 x 10“ 
erg cm”^ s“^ sr“^ A“^. Upper points refer to the inbound part 
of the orbit. 
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orbit, due to the tilt of the plane of symmetry. The measurements are well 

represented by straight lines, corresponding to a power law I(R)^R for 

all viewing directions# From this, the radial distribution of interplanetary 

—1 3+0 1 

dust can be determined as n(r)"*r , where r is the heliocentric distance 

of the dust particles# Detailed discussions (3,5,6) have shown that this 
power law-dependence should hold from less than 0.1 AU to outside 1 AU* 

The spin axis of Helios Is oriented towards the ecliptic pole and the 
photometers are scanning along bands parallel to the ecliptic# The tilt of 
the plane of symmetry of Interplanetary dust with respect to the ecliptic, 
therefore. In general leads to a brightness difference between observations 
performed — for a given position of Helios on Its orbit — at the same angular 
distance right or left of the Sun. This right-left asymmetry is largest when 
Helios is close to the nodal line of the plane of symmetry (uppermost set of 
observations in Figure 4)# It should be zero when Hellos is perpendicular 



Fig# 4 ; Determination of the node of the plane of symmetry of 
Interplanetary dust by the disappearance of the right-left 
asymmetry# Points refer to observations right, crosses to 
observations left, of the Sun# For each set of observations, 
the heliocentric longitude of Hellos is given. 
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CO the nodal line* The data presented In Figure 4 show exactly this predicted 
behavior: The rlght-left-assymmetry decreases tdille Hellos Is approaching the 

position perpendicular to the nodal llne» vanishes at this point, then builds 
up again with opposite sign* It Is the significance of these measurements 
that the longitude of the nodal line may be determined, free from models, 
directly from the longitude of Hellos at tdilch the zero crossing occurs. 

Figure 5 shows that the longitude of zero crossing may be determined within a 
few degrees from Che variation of Che right-left asummetry* The ascending 
node of Che plane of symmetry of Interplanetary dust was found from eight such 
Independent determinations with Hellos-1 and-2 as 
Q • 87±4^« Similarly, the Inclination of 
the plane of symmetry can be determined by 
an attitude maneuver* When Hellos Is at 
the nodal line, the tilt of the spin axis 
necessary to make the right-left asymmetry 
disappear Is Just equal to the tilt of the 
plane of symmetry* Such a maneuver was 
performed (Figure 6) and gave an 
Inclination of Che plane of symmetry of 
1>3*0±0*3^* There appears to be one well- 
defined plane of symmetry from Inside 0*3 
AD to at least 1 AD (10)* The plane found 
by Hellos clearly deviates from Jupiter's 
orbital plane or Che Invariable plane of 
solar system (0 ■ 107®, 1 - 1*6®)* This 
deviation still has to be explained* 
electromagnetic forces associated with 
the moving Interplanetary plasma are 
possible candidates for such an 
explanation* 



Fla* 5 : Determination of the 

longitude of Hellos at which 
the right-left assemetry 
dlssappears* The points give 
the average asymmetry observed 
for angular distances ^ 70® 
from the Sun* 


Future work will Include a search for a change In particle properties 
with heliocentric distance, which Xhould show as a change in color and 
polarisation of the zodiacal light* An extension of the Milky Way photometry 
(7) and evaluation of Che comet observations arc also desirable* Because 
Bellos Is situated far from any disturbing sourcss rslated with the Earth's 
atmosphers. It Is sspeclally well suited to search for bhort-tlme fluctuations 
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Flg« 6 ; Oetermlaation of the inclination of the plane of 
aymnetry by an attitude maneuver on Days 341/342, 1977, close 
to the ascending node of the plane of symmetry* The intensity 
scale la valid for the lowest curve only, others are displaced 
by a factor of 2* Points refer to observations right of the 
Sun* 0 gives the tilt of the spin axis from Its nominal 
position (towards the ecliptic pole)* 


with solar activity or long<-term variations with solar cycle* Any observable 
affects w^uld be important clues for the clarification of the dynamics of the 
dust particles* It Is for these topics that continued observation through the 
plane of maximum solar activity are extremely valuable* 
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THE MICROMETEOROIO ANALYZER (E 10) 


P.I.: Eberhard Grun, Max-Planck-Instl tute fur Kernphysik, Postfach 10 39 

80, 6900 Heidelberg - 1, West Germany 

CO-I's: Hugo Fechtig, Jochen Kissel, Max-Planck-Institute fur Kernphysik, 

Postfach 10 39 80, 6900 Heidelberg - 1, W* Ckirmany 

Peter Gammelin, Electronic Projec tierung, W.ildmlchelb«ach, W. Germany 


MICROMETEOROIO E>3>ERIMENT « DATA ANALYSIS 


P#I.: Richard Heinrich Glese, Ruhr-Onlverst tat Bochum, Bereich 

Extraterrestrlsche Physik, Bochum, W. Germany 

C0*I^s: Klaus Dietrich Schsaidt, Gerhard Schwehra, Ruhr-Universl tat Bochum. 

Bereich Extraterrestrlsche Physik, Bochum, W. Germany 


The objective of the micrometeoroid experiments on the Helios mission is 
to investigate the distribution of Interplanetary dust in th^ inner solar 
system, to study Its d3mamlcs and to det-^rmlne the physical and chemical 
characteristics of raicrometeoroids . Edch spacecraft carries on board two 
sensors: the ecliptic sensor measures dust particles which have trajectories 

within or close to the ecliptic plane wliile the south sensor (Hellos-lj and 
the north sensor (Helios-2) detect particlen with highly inclined 
trajectories# The ecliptic sensor is shielded by a thin film as protection 
against solar radiation* Mlcrometeorolds are detected by the electrons and 
ions produced upon Imprct onto the sensor and the tons are mass analysed In a 
tlrae-of-fllght spectrometer* From the charge released and frem the rise-time 
of the charge pulse, the mass and speed of micrcmeteorolds are derived. 

Orbital information of Interplanetary dust particles is obtained from the 
radial and azimuthal distribution of the Impacts. The chemical composition of 
micrometeoroids la characterl^ed by the impact mass-spectra from Individual 
particles* 
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About 25 Impacts have been recorded per revolution of a Hellos spacecraft 
around the Sun. Figure 1 shows the orbits of the Earth and Hellos-1. 
Superimposed on the Hellos orbit are the positions where Impacts were 
observed. The bars attached to the heavy dots represent the sensor pointing 
direction at the time of Impact. The length of the bar Indicates the measured 
pulse height of the positive Impact charge. Which roughtly correspond to the 
particle's mass. 


HELIOS 1 
0«c.U.I97t- Jan.2&»78 



i 

m 

r* 

3 

S 


r 


yjg* 1 ? Impacts detected during the 
first 6 orbits of Hellos«l around 
the &in. Bars attached to the heavy 
dots Indicate the pointing direction 
of the experiment at the time of Impact. 
The length of the bars represent the 
magnitude of the charge released upon 
Impact. 


HELIOS 1 

Dec tS,t974 . Dec 2S.197S 



yia* 2. Radial varia- 
tion of the obaerved Im- 
pact rate onto the 
mlc rome teo to Id 
experiment . 


The highest Impact rate of approximately 0.5 Impacts/day of particles 
with masses m > observed was observed as perihelion (0.3 AD). Figure 2 

shows ths radial dependenca of the Impact rate. The Increase of Impacts 
towards tha Sun can be fitted by a power law with an exponent of -2.5±0.8.Thls 
measurement Is compatible with both measurements of the dust Impact rate at 1 
AD (1) and the Increase of ths sodlacal light Intensity towards the Sun (2). 

Each mlerometeorold Impact la Identified by the measurement of a tlme-of- 
f light mass spectrum of ths positive Ions released upon Impect. Figure 3 
gives the raw spectrum of an Individual impact and tha bast fit of the ion 
mass spectrum. Hass analyses of the spectra showed that 40* of the observed 
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HELIOS 1 



0 /> 


Pla» 3 . Time-of-flight spec- 
trum of the Ions released 
upon Impact of a mlcrometerold 
onto a Hellos sensor* 


spectre have the peak abundance 
below 35 amu tdiich corresponds to 
chondrltlc composlton; likewise, 40Z 
have peak abundances above 35 amu 
which are preliminarily Identified 
as Iron meterolds (3). Twenty 
percent of the spectra could not be 
Identified In either class* 

The azimuthal distributions of 
impacts idilch were observed Inside 
0*55 AU from the Sun on both the 
ecliptic and the south sensors are 
displayed In Figure 4* Each Impact 
Is represented by an area idilch 
corresponds roughly to the angular 
sensitivity with respect to azimuth* 

For each senaor three curves are 
shown: small particles (I 2), 

big particles (I A > 2) and the aum of both* Most Impacts on the ecliptic 
senaor were observed i^en It was pointing In the direction of motion of Hellos 
(apex direction: O'*)* In contrast to that the south sensor detected most 
Impacts when it was facing in between the solar (90**) and antapex (ISC'*) 
directions* Orbit analysis showed that the "apex" particles ^ich are 
predominantly detected by the ecliptic sensor have eccentricities e < 0*4 and 
semimajor axes a < 0*5 AD From comparison with corresponding data from the 
south sensor It is concluded that the average Inclination of these particles 
is below SO**. The excess of impacts on the south sensor have orbit 
eccentricities e > 0*4 and semimajor axes a > 0*5 AD S-meteorolds (4), which 
leave the solar system on hyperbolic orbits, are directly identified by the 
i^alance of outgoing (away from the Sun) and ingoing small particles* The 
data from the ecliptic and north sensors of Helios-2 are in agreement with the 
data from Rellos-l which indicates no strong north-south asymmetry of the 
interplanetary dust cloud* 


' r ' 
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HELIOS 1 ECLIPTIC SEI.SOR 
03 AU R OSSAU 

0*c. 12. 197i • Jon. 26.1978 



HELIOS 1 SOUirt SENSOR 
03AU<R < O.SSAU 
D«c, 12 197* - Jon, 26 1978 



i : Azimuthal diatrlbutlon of impacts onto tha ecliptic 

and south sensor* An individual impact is represented by the 
angular probability distribution (uppar right hand corner) 
centered on the sensor pointing direction (apex direction “ 
0®, sun direction • 90®). 

(a) acllptic sensor 

(b) south sensor 


During the first 6 orbits of Helios-l around the Sun* the experiment 
registered a total of 168 meteoroids: 52 particles were detected by the 
ecl'*.ptic sensor and 116 particles by the south sensor* Figure 5 show the 
pulse-height distributions of the positive impact charge* The excess of 
impacts on tha south sansor with respect to the impacts on the ecliptic sensor 
consist predominantly of small impacts (small pulse-height numbers)* But 
large Impacta* as hsII* wsre statistically significantly more abundant on the 
south sensor than on the ecliptic sensor* Zodiacal light observations show 
that intarplanatary dust is concentrated towards the alciptic plane (5), and, 
hence, the acllptic smsor should observe at least as many Impacts as the 
south sensor* Therafora, it is assumed that the observed difference of the 
nuaibar of impacts is due to tha only diffaranca batwaan the sensors, i*e* tha 
antrmea film in front of the ecliptic sensor* Extended laboratory studies of 
panatratiOD affects succeeded in indantifying ths panatratlon limit of ha 
Helios film (6) for low-danaity projectiles* It eas shown that only vary low 
density particles (densities below 1 %/cw?) produce upon impact the charge as 
observed by the south sensor but are not able to penetrate ths film in front 
of ths alciptic sensor* It was concludad that at least 201 of tha particles 
detected by ths south sonsor hsvs dsnsitiss below 1 g/cm^* Tliis is in good 
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agreement with the interpretation of zodiacal light obaervationa which require 
fluffy particlea as major parts of the interplanetary dust population (7)« 


HELIOS t ECLIPTIC SENSOR 
Dec. 12. 1974 - Jan. 26. 1979 



HCUOS I SOUTH SENSOR 
Dm. 12.im - Jon.2t.1S7S 



0 ) i i t i * t tlMItlJOttHOr 
nwmvt nH.M - moiomi numoc* 


Fia» 5 ; Pulse-height distributions of the positive ion 
charge* The linear pulse-height number scale corresponds to a 
logarithmic charge scale covering 4 orders of magnitude of 
charge • 

(a) ecliptic sensor 

(b) south sensor 


Osculating orbital elements of micrometeoroids have been computed from 
the impact speed, the spacecraft positimi and viewing direction at the time of 
impact* Due to the large field of view and the uncertainty of impact speed 
Masuremenc, only probability distributions of the orbital elements of 
micrometeoroids are computed (8,9)* Since particles in the observed mass 
range are subjected to radiation pressure, a mass-dependent model of radiation 
pressure (10) is taken into account* Nsny of the particles with masses below 
tO*^^g are hyperbolic orbits, whereas all particles above 10~^^g are on bound 
orbits* These larger particles contribute to the sodiacal light* The group 
of hyperbolic particles is classifisd in particles entering and leaving the 
solar system or being detected close to their perihelion* Table I shows that 
elassificatioa for the particles from the first 6 orbits of Helios-1 around 
the Sun* 
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Table 1; NUMBERS OT HYPERBOLIC PARTICLES 


(assuming a mass dependence of 

the radiation pressure 

according to [10] )• 


South Sensor 

Ecliptic Sensor 

Into the solar system 

17 

9 

Out of the solar system 

26 

11 

Detected close to perihelion 

16 

4 


A large number of partlclea on hyperbolic orbits have been detected 
before perihelion on their Inbound trajectory* These particles have their 
origin outside the orbit of Hellos* The difference between the Inbound and 
outbound particles are 6-meteorolds, which are generated Inside the orbit of 
Hellos* Theoratlcal considerations yield that the melting of partlclea near 
the sun and tha subsequent Increase Is radiation pressure which blows the 
particles out of the solar system Is not an efficient source of B-meteorolds 
(ID* 

It has been shown theoretically (12,13) that there exists a strong 
coupling of small interplanetary and Interstellar dust particles to (.he 
Interplanetary magnetic field and plasma* A continuation of the Hellos 
mission dutlng tlmss of Increased solar activity may allow the experimental 
verification of theaa affects* 
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CELESTIAL MECHANICS (E 11) 


P.I*: Wolfgang Kundt, Institute fur Astrophyslk der Unlversltat, Auf dem 

Hugel 71, D-5300 Bonn, W« Germany 

CO*I*'s: William G« Melbourne, John D. Anderson, Jet Propulsion Laboratory, 

California Institute of Technology, Pasadena, California, U.S*A* 


Short Description 

The purpose of the experiment Is a precise evaluation of the spacecraft 
orbit based on radio signal return times (-range) and frequency shift 
(-Doppler) measurements, at an accuracy of kilometers or less In the orbit 
plane* For knoun non-gravltatlonal forces such as the solar radiation 
pressure, solar wind pressure, (smaller) radiation reactions, and for known 
signal path distortions by the solar wind plasma, the orbit In space and time 
can be used to test theories of gravity. 

Achievements 

Both missions, 1 and 2, were badly degraded (for E 11) by Insufficient 
coverage (effective 0.5 year rather than 2 years) and quality of range 
measurements. Nevertheless, this mission Is so far the best spacecraft 
mission for a test of theories of gravity because of the high orbital 
eccentricity, and semi-major axis and well-defined non-gravltatlonal 
accelerations. 

The latter are much easier to assess for Hellos than for other missions, 
for the following two reasons: (1) Its high spin rate reduces thermal 

gradients and tangential forces; (2) by accident the Inclination angle of Its 
solar arrays has such a value that surface normals point on average at some 
45^ with regard to the Sun that the solar radiation pressure does not depend 
sensitively on the time-varying surface absorptivity (a perpendicular 
reflection screen experiences twice the force of an absorbing screen). The 
reduction Is by a factor of 30. In this way, radiation pressure can be 
determined with a relative accuracy of some 3*10~^, Just below the level of 
orbit deformations due to deviations from Newtonian behaviour. For earlier 
missions, non-gravltatlonal forces were 10 to 30 times less well knoim. 
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A determination of post-Newtonian effects on the spacecraft orbit 
requires sophisticated software* In view of the large unknown non- 
gravitational perturbations, a simple Gaussian fit of Just the searched-for 
post-Newtonian parameters is bound to give largely overoptimistic results; 
evidence of this is abundant* We, therefore, developed an iterated (extended 
batch) filter algorithm suitable to tackle any multi-parameter orbit 
determination* This filter, called COSMOS, has been written and tested by Dr* 
Eckhard Krotscheck at Hamburg, supported by Dipl*-41ath* 0. Bohrlnger, and is 
presently being applied to the real data* 

Here is how COSMOS proceeds: Given at a particular time, a set of 

Initial data and estimated values for a certain number of parameters 
describing perturbations, together with estimated uncertainties, COSMOS 
predicts their propagation in time; l*e* the program calculates a Cube of 
growing cross section containing the predicted orbit* At the time of the next 
measurement, improved phase space and parameter space data are calculated, 
together with reduced uncertainties, and the next step begins* The 
uncertainty tube thereby acquires a shape similar to the legs of an insect, 
and (hopefully) converges towards the real orbit* Should there be an error in 
the physical model, or systematic errors in the measured data, the filter 
diverges* A divergent run is, therefore, the rule rather than the exception* 

Krotscheck and Do<> «r have tested our program on an orbit simulated at 
the institute of our co-eAperimentors* After several months they recovered it 
completely* In this process they disco/ered that the claimed value of the 
astronomical unit was In error by some 30 Km, that the conversion from 
universal time to ephemerls time had been performed with Insufficient 
precision, and that the tropospheric corrections had not been Included* 

We are presently trying the program on real data* In this process we 
find ourselves repeatedly hampered by the fact that successive batches of 
range data, while Intrinsically smooth at the < 10 m level, are offset by 
kilometers or more in an erratic fashion. Cleaning the data appears to be a 
highly non-trlvlal procedure* 

Publications 

Kundt, W*, "Spacecraft Orbit Malysls," contribution to Gravltazione 

Soerlmentale. proceedings of the 1976 Pavla Symposlim by the Ac''ademia 

Maslonale del Llncel, ed* B* Bertottl, Rome, 1977* 
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FARADAY ROTATION EXPERIMENT (E 12) 


P«I«'s: G«S> Levy> Jet Propulsion Laboratory, 4800 Oak Grove Drive, 

Pasadena, California, U.S,A. 

H. Volland, Radloastronomlsches Instltut, Unlversltat Bonn, 
Auf dem Htigel 71, Bonn, W, Germany 


Co-I*'s: M»K, Bird, Radloastronomlsches Instltut, Unlversltat Bonn 

C,T* Stelzreld, Jet Propulsion Laboratory 
B.L* Seidel, Jet Propulsion Laboratory 


Experiment Purpose/Instrumentation 

The scientific goal of this experiment Is the Investigation of the 
dynamic and quiescent structure of the magnetic fields and electron 
density In the solar corona* The analysis uses Faraday rotation 
(polarisation) data from the linearly polarlsiid S-band downlink carrier 
signal, which probes the solar corona during times of spacecraft 
superior conjunction* 



".I" 


Vt 


86 

Highlights of the Investigation — Helios E 12 


A. Experiment Description 


The short-period heliocentric orbit of the Helios spacecraft allows many 
repeated opportunities for conducting radio science investigations of the solar 
corona during superior conjunction. Since the orientation of the linearly po- 
larized carrier signal is known as it leaves Helios, measurements of the coro- 
nal contribution to signal Faraday rotation Q can be taken by tracking the 
received signal polarization and transforming this value back to the ecliptic. 
This Faraday rotation is related to the coronal magnetic field B and electron 
density by 


where 



N B • ds 
e 


radians 


4 

C = 2.36 X 10 in mks units 
f = 2.296 GHz 


( 1 ) 


and the integral (1) is taken along the (straight line) ray path. 

The data for the Faraday rotation experiment consists of f2(t) taken typi- 
cally at 10 second intervals. Using the known occultation geometry, one may 
obtain J2(r,9,(J>), where (r,9,<J>) are the heliocentric coordinates of the point 
of closest approach of the ray path (the "solar offset"). At S-band, one gen- 
erally obtains good coronal Faraday rotation data on Helios at solar offsets R 
between 


2 R < R< 12 R^. (2) 

O D 

Table 1 is a list of the Hellos occultation opportunities, i.e. periods for 
which (2) is fulfilled, in the years 1975 *- 1980. The number of polarization 
tracking passes and average length of pass at each occultation are also noted. 

A dash entry indicates that the tracking station was not available for a given 
occultation interval because of deficiencies in instrumentation. A zero entry 
means that the station could have been used for the Faraday rotation experi- 
ment, but the tracking station was needed for other projects. Helios operations 
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Figure 1 . Coronal 
Faraday rotation of 
Helios carrier sig- 
nal during tracking 
pass at Effelsberg 
on 29 Aug 1975. 


at Effelsberg were terminated in August 1976. Due to technical difficulties, 
the Faraday rotation experiment could not be continued at the German replace- 
ment station in Weilheim. The NASA Deep Space Network added automatic polari- 
zation tracking at the 64m stations in Canberra (DSS 43) and Madrid (DSS 63) 
in early 1977. Goldstone (DSS 14) was refurbished in May 1977 and was thus 
unavailable for the first occulta tion of Helios 2 in that year. The DSN was 
committed to full coverage of the Viking primary mission in September 1976. 

This unfortunately left no time for observations of the unique "double occulta- 
tion" of both Helios spacecraft. 

Additional details concerning the experimental technique and instrumenta- 
tion may be found in (2). The problem of correction for the Earth’s ionosphere 
is addressed in a supplementary work (6). 

B. Areas of Investigation 

Three significantly different variations in the coronal Faraday rotation 
may be observed during occultation: 

(1) a slowly varying rise or fall in measured Faraday rotation which is 
obviously due to the increasing or decreasing ray path offtet in a 
slowly- rotating quasi-static corona. 


I 

■ ^ 

i 

I 
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(2) a ubiquitous random oscillation in Q{t) with higher fluctuation am- 
plitude at lower solar offset distances. 

(3) an occasional almost discontinuous drop or jump in the polarization 
angle which may be due to transient phenomena in the corona. 

Each of the above aspects of the Faraday rotation data has been analyzed 
and some highlights of these investigations are presented here. 

(1) Quiescent corona cuid large-scale sector structure 

The measured coronal Faraday rotation during an entire Effelsberg track- 
ing pass on 29 Aug 1975 is shown in Fig. 1. A large positive value of was 
registered at this time at solar offsets from 2.6 - 3.1 R . The two hours of 
Station overlap with Goldstone demonstrate that the measured polarization angle 
and even the superimposed fluctuations are seen at both widely- separated ground 
stations. 

The observations from the first occultation of Helios 1 in April 1975 are 
presented in Fig. 2. The rotation of the quasi-static corona is responsible for 
the zeros in recorded Faraday rotation on days 110 and 115. The coronal magnet- 
ic field configuration at these points causes the signal to undergo negative 
and positive Faraday rotations along different path segments, which exactly 
cancel out upon traversal of the entire corona. When ^2(t) is changing rapidly, 
it is necessary to maintain continuous polarization tracking in order to dis- 
tinguish between and Q ± nir. The problem that can arise is illustrated by 
the sets of points labeled **180° ambiguity** in Fig. 1, when only the Goldstone 
station was operating. 

Under the assumption that the corona not change its distribution of mag- 
netic field B and electron density during an occultation, one may derive 
the rough longitudinal variation of N^B which is consistent with observed mag- 
netic field polarities in interplanetary space (3). An example of such a de- 
rived longitudinal configuration is given in Fig. 3. The diagram represents 
the Sun, viewed from the North ecliptic pole at 26.0 Apr 1975, cut into six 
longitudinal bins containing differing values of N^B. The arrows in each bin 
indicate the polarity of the derived magnetic field (assumed radial). The 
arrows in the outer circle are the daily IMF polarities as inferred from polar 
cap magnetograms (Svalgaard-Mansurov Effect) . The computed coronal Faraday 
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Figure 2. Coronal Faraday rotation 
during inbound occultatlon of Hellos 1 
on solar west limb in April 1975. The 
circles are observatlonc ; the solid 
curve is the theoretical result from 
the model of Fig. 3 (3). 
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Figure 3 . Large-scale coronal 
stjucture derived from Faraday ro- 
tation measurements during first 
occultatlon of Helios 1 in April 
1975. View is from solar north 
pole onto the ecliptic. Helio- 
longitude is divided into 6 bins 
of differing NB. Other details 
are given in the text and in ( 3 ) . 


rotation from this configuration is given by the solid curve in Fig. 2. Using 
le.>8 than six bins in longitude, one cannot determine a configuration which 
gives a satisfactory agreement with the observed Faraday rotation. Models with 
more than 6 bins were not tested since the integrated Faraday rotation data 
are simply inadequate for determination of smaller-scale features. 

The structure derived in Fig. 3 agrees with the white light coronagraph 
data taken at the west solar limb at 1.5 R^. Intensity enhancements and deple- 
tions in the coronagraph data are indicated in the areas stretching outside 
the outer circle and inside the inner circle of Fig. 3. The coronal hole seen 
in white light on the solar west limb on 26 Apr 1975 is matched in longitude 
by the derived minimum in N^B. Similar success in con^arison with observed 
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solar longitudinal structure was reported In (5), where solar radio maps at 
2.8 and 11 cm were taken on the Effelsberg telescope In support of the May 1976 
occultatlon of Hellos 2. 


(2) Faraday rotation fluctuations 

The slowly-varying component of the function Q(t) Is superimposed with 
finer scale fluctuations, which Increase In intensity at smaller solar dis- 
tances (Fig. 4). Preliminary spectral analyses of representative data segments 
have Indicated the presence of peaks in the power spectrum at certain preferred 
frequencies (7,8). Since these fluctuations were also observed In group delay 
time data taken simultaneously. It was conjectured that MHD waves In the fast 
mode were present In the outer corona. Another possibility Is that the density 
oscillations are caused by non-linear propagation of the Intermediate (Alfv6n) 
wave. The Faraday rotation observations on Hellos appear to offer one of the 


few methods avalledsle for direct 
detection of AlfvAnlc disturbances 
In the region of high solar wind 
acceleration. 


Figure 4. Aiqplitude of Fara- 
day rotation fluctuations as 
a function of solar elonga- 
tion. The root-mean-square 
deviation of fl from Its linear 
large-scale trend during each 
pass falls off sharply with 
solar dlstaiK:e (8) . 
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(3) Faraday rotation transients 

On a number of occasions during Helios tracking at superior conjunction, 
the measured polarization angle has abruptly moved to a new value tens of de- 
grees from the projected baseline.. The best example of this behavior was re- 
corded on 18 July 1976 during a long tracking pass at the Effelsberg ground 
station (lower panel of Fig. 5). The magnitude, duration and signature of this 
event were similar to those seen during the solar occultation of Pioneer 6 dur- 
ing solar maximum (1). A simple model of the possible magnetic and plasma den- 
sity structure of the coronal disturbance causing this Faraday rotation tran- 
sient has been proposed by Bird et al. (4). The occurrence frequency of such 
events was determined to be of the same order as that of coronal mass ejection 
events, which were observed by orbiting coronagraphs on OSO-7 and Skylab. 


The Faraday rotation observations of spacecraft signals passing through 


a coronal transient offer the possibility of directly determining the magnetic 
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field configuration within the dis- 
turbance. The separation of magnetic 
and electron density effects can be 
accomplished by comparing coronal 
images during and prior to appearance 
of the transient. Unfortunately, 


Figure ^ - :iy rotation 

transiei ^ m west solar 

limb on r, 1976. The 

transient ..it (3 . ^ panel; 
may be compaiwu v?> r.he 
quiet trace c ; evioui 

day (upper p« - I; ^ hizh was 
taken at a st ' ct solar 
offset (4). 
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equipment and conditions for making white light coronal images and Faraday 
rotation observations on spacecraft during solar occultation have never yet 
been achieved. The first such opportunity \ '.11 occur in late 1979 during the 
annual occultations of the Helios spacecraft. A cooperative research effort 
will be conducted with the help of the coronagruph on the Solar Maximum Mission 
(SMN ) , which should be in operation at that time. A second measurement interval 
would occur in late 1980 should both SMM and Helios still be operational. The 
Helios E12 experimental team is participating in this cooperative investigation 
within the fr^unework of the SMM Guest Investigator Progreun. 

C. Extension to Natural Coronal Probe Signals 

The success enjoyed with the Faraday rotation experiment on the Hellos 
spacecraft has been extended to observations of linearly polarized pulsar sig- 
nals during solar occultation. About 10% of the over 300 known pulsars are lo- 
cated close enough to the ecliptic plane to obtain a roeasureable coronal Fara- 
day effect at their annual superior conjunction. The observations of PSR 2043-16 
at the Effelsberg radio telescope in January 1978 (9) were somewhat inconclu- 
sive, since the recorded coronal contribution was only 3-4 times gr'iater than 
the typical measurement error. Later observations of PSR 0525-f21 (June 1978) 
showed a c'. .onal Faraday rotation of Q»-80° at a minimum solar offset of about 
4.6 Rg over the south solar pole (10). Pulsars, in contrast, to continuous emit- 
ters, present no serious observational difficulties close to the Sun. The solar 
sidelobe Interference at decimetrlc wavelengths is about 100 times stronger 
than the so'orce, but the pulsed nature of the pulsar radiation allows integra- 
tion of the signal over the pulse window without driving the telescope off 
source. Present plans call for a continuation of this experiment at Effelsberg 
in 1979 and 1980, during which the polar corona is expected to as«JS)e its typi- 
cal solar maximum configuration. 

0. Susmiary 

The Faraday rotation experiment on the Helios mission has been shown 
capable of providing important inforvuition about the quiet and disturbed mag- 
netic structure of the solar corona in the range 2-12 R . The unexpectedly 
long lifetisw of the Helios spacecraft presents the possibility of continuing 
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this investigation up into solar maximum, which would thereby complete one 
solar cycle over which Faraday rotation observations (together with Pioneers 6 
and 9) were made. Dynamic effects such as coronal transients should be occur- 
ring at a much higher rate during solar maximum. This will Increase the chances 
for obtaining simultaneous recording of an event in white light (coronagraph 
on SMM) and Faraday rotation (Helios in solar oc'- iltation) during the unique 
observation opportunities in late 1979 and 1980. 
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HELIOS OCCULTATION EXPERIMENT —TIME DELAY MEASUREMENTS (E OC) 


P.I.: P« Edenhofer, University o£ Bochum* W. Germany 

Co-I<'s: Pasquale B. Esposito, Jet Propulsion Laboratory, Pasadena, 

California, U,S*A« 

E* Luneburg, Deutsche Forschungs- und Versuchsanstalt fur Luft> 
und Raumfahrt (DFVLR), Oberpfaffenhofen, W* Germany 


The experiment used the S-band radio subsystem of the Hellos spacecraft 
to measure the Doppler frequency, range and columnar electron content during 
solar occultatlons* These data %«ere collected from launch date until October 
1975 and June 1976, respectively, when terminated by a breakdown of the 
transponders aboard* For this experiment It was especially Important to use 
the 210 ft* antennae of the NASA Deep Space Network* The objective of the 
experiment Is to determine the spatial distribution and temporal variations of 
the solar plasma by remote sensing as close as about 3 solar radii, trtiere the 
Sun Is Inaccessible to jUi situ measurements of electron density (1) * 

Highlights 

There are several hlghllghta from the scientific data analysis of the 
Hellos occultatlon experiment* The most striking result obtained so far la 
that for the first time experimental evidence of hydromagnetlc waves 
propagatlqg outward from the Inner solar corona Into the Interplanetary medium 
has been established (2,3,9,12)* Generally, hydromagnetlc waves are 
associated with oscillation of the solar and Interplanetary magnetic field and 
of the plasma density, as wall* These %«ves are thought to be important In 
the process of energy transport heating the solar chromosphere and corona* He 
observed such wave phenomena from an analysis of the temporal variations of 
the coluonar electron content (nu«d>er of electrons along the ray path) 
measured within heliocentric distances as close to the Sun as about 6 solar 
radii (Hellos-2) to SO solar radii (Hellos*!)* 
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Figure 1 Aowe e represeotetlve set of measurements collected on Hey 8» 
1976 (entry phase of occultetlon» Hellos 2; distance ray peth» sun about 10 
solar radii); relative changes of the electron content with order of magnitude 
4 « 10^^ electrons/m^ are plotted vs. 3 hours of observation (6). The 
technique of measurement mas developed at JPL in 1969; refined ranging 
equipment was operated for the first Helios solar occultatlon in 1976. The 
strength of the Helios ranging signal mas extraordinarily high compared to 
similar Interplanetary missions* so a fine structure is detectable in the time 
variations measured (4). 
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Figures 2 and 3 
represent typical 
results of a spectral 
analysis sho«d.ng the 
normalized power density 
of an electron content 
data set (Hay 8, 1976) 
and the corresponding 
electron densities, 
respectively (9,12). 
These spectra were 
derived by using a 
maximum entropy approach 
especially suitable for 
analyzing short and 
noisy data sets, as 
well * The fundamental 
frequency of the density 
oscillations associated 
with such hydrom£gnetlc 
waves turns out 
typically to be 0.2 * 
10"^ Hz, corresponding 
to a period of 
approximately 1.5 
hours. Evan higher 
harmonics can often be 
distinguished as stable 


HE i.. I ns B - 

n^•^t )Gn‘:ob S''*. '.'I'v! no.' 1^9 

f- IlTerkolff izitrurLM r io 



spectral components during 

successive days (s.g. 0.5 * 10**^ Hz or about 30 minutes). Far away from the 
Sun the time periods tend to become smaller. More than 50X of the data 


measured show periodic structures. The spectral peaks of the electron density 
contain Infomstlon on the wave amplitudes, thus enabling us to estimate the 


energy density Involved and the energy flux density transported by such 
waves. The Interpretation In terms of hydromagnetle waves in the solar 
atmosphere Is strongly st^ported by a spectral and croaa-correlstlon analysis 
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of the Hellos Faraday 
rotation measurements 
simultaneously collected 
along the same ray path 
at the same signal 
frequency (6,9) • 
Generally, there Is 
excellent agreement 
between the results from 
these two data streams 
measured via physical 
effects completely 
different from each 
other* Among comparable 
Interplanetary space 
missions, the Hellos 
mission allowed, for the 
first time, radio 
science to make such 
complementary 
measurements of wave 
propagation effects* 

The Investigations 
covering this wave 
analysis are to be 
continued: several 
publications are being 
prepared* 

As a new 
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Fig* 3 


application of using radio cracking spacecraft data from solar occul cations, a 
method has been developed, using Che Hellos occulcaclon experiment, Co 
determine Che redial speed of propagating solar plasma disturbances from two- 
way, coherent Doppler data of a single ground station (10)* The method 
exploits the spatial saparatlon (typical value Is 20 » 10^ km) of the 
telemetry up- and downlink betwaen station and spacecraft due to their 
different relative velocities with respect to the line of sight betwaen Earth 
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and probe* Solar plasma disturbances Intersect the and downlink, giving 
rise to a peak In the autocorrelation function of the Doppler residuals as 
taken from a precise orbital determination* This method of analysis vas first 
applied to Hellos-'2 data, generally revealing two peaks corresponding to a low 
and high propagation speed, respectively; e*g* varying from 200 to 400 km/s to 
600 to 1000 km/s* Specifically, a Doppler data set collected on May 28, 1976 
(exit phase, Hellos-2; distance some 8 solar radii), yields approximate values 
of 240 and 950 km/s* It Is possible that the temporal variability In the 
autocorrelation function taken from a tracking pass of usually several hours 
Indicates a changing velocity from a predominant plasma stream, or a 
superposltlonlng of several plasma streams, which tends to smear the 
autocorrelation peaks* Further analysis Is promising and continuing* 

The Inversion of the Hellos electron content measurements turned out to 
be another highlight of our occultatlon experiment (1,7,11)* The derivation 
of electron density values Is most Important to the description of solar 
plasma phenomena In terms of physical quantities such as energy density and 
power flux (e*g*. Fig* 3)* Following two alternative, complementary 
approaches. Inversion methods have been set up for this experiment to get 
electron densities out of electron content for the first time In remote 
sensing of solar plasma: Either a gross, but numerically stable, structure Is 

derived for the electron doislty distribution In space, or the spatial and 
temporal power of resolution is inceased by using an Inversion procedure that 
takes into account catlstlcal properties of the data measured and the 
densities to be deduced (11)* The problem of choosing statistical weights was 
solved for remote sensing by taking a Kalman-type filter algorithm to 
compromise resolution vs* Instability (7)* It was possible by using this 
approach to deduce two-dimensional electron densities resolving a radial 
dependence as well as variations In solar longitude (closest heliocentric 
distance 5*8 solar radii)* The plasma Is allowed to show a steady-state oodel 
profile for electron density and velocity describing the overall fall-off in 
density and the solar wind properties* This a priori Information Is used in 
our adaptive weighting scheme for Inversion, Improved by extrapolating 
Information from two additional sources (4,8): Earth-bound observations of 

the scattered light of the Sun (coronagraph) and In situ measurements of 
electron density along the Hellos trajectory (heliocentric distance greater 
than 65 solar radii at perihelion)* The Inversion turned out to be stable. 
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even 1£ performed for each individual data point Which yields a maximum 
resolution In time (sampling rate 2 minutes) > Generally, the inversion 
procedure takes sequential averages from appropriately selected subsets of 
data* 


Performing this Hellos occultatlon experiment resulted In several 
opportunities to observe transient phenomena of extraordinary solar events* 

One exciting example Is an electron content data set collected on ^rll 30 and 
May I, 1976 (two weeks after perihelion), by Hellos-2* At a distance ray path 
of 26 solar radii to the Sun, the enormous variation In electron content was 6 
times Che steady-state background value within about 2*5 hours of 
observation* From Earth-based astronomical observations, this event could be 
identified as a large solar flare ejecting huge quantities of solar plasma 
across the Hellos ray path Into Interplanetary space* Combining these 
different sources of Information made possible the determination of flare 
propagation speed to be as high as approximately 900 km/s* Work Is still in 
progress on the study of further transient events of enhanced solar activity 
as obvious from several sets of electron content measurements* 

A major objective of the Hellos occultatlon experiment was to determine 
characteristic quantities of an empirical model for the coronal electron 
density distribution (3,4)* This part of our scientific data analysis Is near 
completion (8); three model parameters were derived including their standard 
deviations* The model describes a spherically symmetric, steady-state 
electron density distribution covering heliocentric distances between 
approximately 3 and 215 solar radii (up to the Earth's orbit)* A hlgh- 
preclslon orbit determination program developed at JPL was taken to evaluate 
about 3*5 months of Hallos-2 time delay data around solar occultatlon* Apart 
from their physical significance, such solar electron density models are 
especially useful for navigational purposes in space mission operations, as 
wall* Improving these models means Increased accuracy for correcting tracking 
data for solar plasma effects and allowing for a proper noise level* It could 
be verified for our experiment that the values derived for elecron density are 
consistent with What was measurad by scattered light on Barth and In situ 
along the Hallos trajectory (8)* 
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